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! NOTICES
( THIS DOCQUMENT 1S FOR INFORMATION AND GUIDANCE ONLY .
N This document is furnished for information and general quidance only; it .

is not to be construed as a request for proposal, nor as a commitment by
- the Government to issue a contract, nor as authority from the undersigned
to incur expenses in anticipation of a Government contract; nor is it +to
k be used as the basis of a claim against the Government. The furnishing
~ of this document by the Government is not to be construed +to obligate
. your company to furnish to the United States Government any experimental,
developmental, research, or production articles, services, or proposals,
or comment with respect to such document, the TOD program or any aspects
of either.

a'f"’ ;

When US Government drawings. specifications, or other data are wused for
any opurpose other than a definitely related Government procurement
operation. the Government thereby incurs no responsibility nor any
obligation whatsocever, and the fact that the Government may have
formulzted, furnished, or in any way supplied the said drawinas,
specificaticns, or other data is not to be regarded by implication or
ctherwise, as in any manner licensing the holder or any other person or
corporation, or conveying any rights or permission to manufacture. use or
sell any patented invention that may in any way be related thereto.

s r. ol O K

Rome Air Development Center/XP
Griffiss Air Force Base. Mew York 13441-5700

- S,

g
AP AESAAS

5]

Ml
R

kY

NN @

X

Do not return copies of this report unfess contractual obligations
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4 _ INTRODUCTION

: The Air Fcrce Technical Objective Document (TOD) program is an integral

o : part of the process by which the Air Fforce plans and formulates a

gah detailed technoloay proaram to support the development and acquisition of 1
i Air Force weapon systems. |
X !
o

Each Air Fforce l|aboratory annually prepares its science and technology

'f (S&T) program in response to available quidance based on USAF
P requirements, the identification of scientific and technological i
200 opportunities, and the needs of present and projected systems. These '
;l(f plans include proposed efforts +to achieve desired capabilities, to
g resolve known technical problems, and to «capitalize on new technical
R, opportunities. The proposed efforts undergo a lengthy program
¢ formulation and review process. Generally, the criteria applied during
) the formulation and review are responsiveness to stated objectives and
;iﬁ known requirements, scientific content and merit, proaram balance,
f y developmental and |ife cycle costs, and consideration of payoff versus
"V'E.':‘a risk.
A , , , ,
°® I+ is fully recoanized that the development and accompl ishment of the Air
20 Force +technical program are products of the teamwork on the part of the
o Air Force laboratories, and the industrial and academic research and
0 development community. The TOD bprogrem is designed to provide to the
f&fJ industry and academic ccmmunity, necessary information on the Air Force
;?: laboratories! planned technology programs. Each laboratory's TOD is

extracted from i+s S&T Pian.

o,
5&2 Specific cbjectives are:
O
:ﬂb a. To previde planning information for jndependent research and
'::s: development programs.
t%\ b. To improve the quality of the unsolicited proposais and R&D
5N procurements.

.C}:
B 4

1N c. To encourage face-to-face discussions between non-Government
%~2 scientists and enaineers and their Air Force counterparts.
A One or more TODs have been prepared by each Air Force [abcratory that has
ﬂs? responsibility for a portion of the Air Force S&T proaram. Classified
W and |limited distribution TODs are available from the Defense Technical
h'. Information Center (DTIC) and unclassified/unlimited TODs are available
gﬁ&. from the Mational Technical !nformation Service (NTIS).

@

< As vou read throuah the pages <hat follow. vou may see a field of
P endeavor where your oraanization can contribute to the achievement of a
a.ﬁ specific technical coal. |If such is the case. vou are invited to discuss
}‘} the objective further with the scientist or enaineer identified with that
; " ob jective. Further. vycu mav have completely new ideas nct considered in
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SH: this document which. if brought to the attention of the proper
"::i orgcanization. can make a significant contribution to our nilitary
.n‘l: technology. VYe will always maintain en open mind in evaluatina any new
VA concepts which, when successfully pursued, would improve our future
¥ operational capabilifty.

::" On behalf of the United States Air Force, you are invited to study the
e objectives listed in +this document and +to discuss them with the
1) responsible Air Force personnel. Your ideas and proposals, whether in
:‘:‘. response to the TODs or not, are most welcome.
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-?'; HOW T THIS DOCUMENT
Oy
:
ﬁ?, Unsolicited proposals to conduct proarams leading to the attainment of
el any of the objectives presented in this document may be submittfed
e : directly to an Air Force laboratory. However, before submitting a formal
'$ . proposal, we enccurage you to discuss your approach with the |aboratory
wod point of contact. After vyour discussion or correspondence with the
o |aboratory personnel, you will be better prepared to write your propcsal.
A

AN

) As stated in the AFSC Pamphlet 70-5, Contracting and Acquisition
:;? Unsolicited Proposals" Guide (copies of +t+his informative auide on
1‘& unsol icited proposais are available by writing to Air Force Systems
e Command/KCP, Andrews Air Force Base, Washington, DC 20334), elaborate
K qp brechures or presentations are definitely not desired. The "ABCs" of
e successful proposals are accuracy. brevity, and clarity. |t is extremeiy
( important that your letter be prepared +to encourage its reading., to
N facilitate its understanding, and to impart an appreciation of the ideas
%5& you desire to convey. Specifically, your letter should include the
:.r following:
N _:

':# 1. Name and address of your organization.

[ ] .

e 2. Type of Organization- (Prcofit, Nonprofit).

AT

S

k 3. Concise title and abstract of the proposed research and the statement
‘3} indicating that the submission i< an unsolicited proposal.
i .

Mg
’ 4. An cutline and discussion of the purpose of the research, the method
o of attack upon the problem, and the nature of the expected results.
\

0

r,g 5. Name and research experience of the principal investigator.

a"

A .
'ﬁh. 6. A suugestion as 70 the proposed starting and completion dates.
;2: 7. An outline of the proposed budcet, includina information on
$~; eaguipment, facility, and personnel reauirements.

LM .
h > 8. Names of anv other Federal agencies receiving the proposal (this is
:$_ extremely important).
":ﬁé 9. Brief description of your facilities, particularly those which would
-ig be used in your proposed research efforft.
lf LA
B n..
{ix. , 10. Brief outiine of your pravious work and experience in the field.
J

® 1. If available, you <chould include a description brochure =znd e
~i: financial statement.
> -‘r::'
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CEMTER M{SSION

The Rome Air Development Center (RADC) is the Air Force Systems Command
technclogy center for Command, Control. Communications and Intelligence
(C3f). -RADC plans and executes research, exploratory, and advanced
development and selected acquisition programs in support of Air Force C31
and Computationai Sclences requirements.  Technical support is provided
to technology intensive C3| and Computational Sciences programs at the
AFSC Product Divisions and cther Air Force and DOD agencies. The
principal technical areas are communications; intell igence and
reconnaissance, surveillance, command and control, electromaanetic
sciences, sol id state sciences, and electronic reliability,
maintainability, and compatiblility. 7. I - .

RADC is the AF |aboratory responsible for the development of a strona
technoliogy base in support of AF C3!| and Computational Sciences. RADC
has faciiities and resources to accomplish its mission ot Griffiss AFB
Mew York and at Hanscom AFB Massachusetts. An establ ishment directly
subordinate to the El!ectronic Systems Division (ESD). Hanscom AFB A,
RADC reports directly through its Commander, RADC/CC +to the Commander.
ESD/CC for missicn accompl ishment.

The major responsibilities are fo plan and manage comprehensive research.
explcratory development, and advanced development programs in C3l and
Computational Sciences technical areas consistent with the overall
technology needs of the AF and to promote the transition and applicetion
of technology in conjunction with AFSC system acquisition divisions and
other using commands/agencies.

The former responsibility is accompiished through the establishment and
maintenance of competent and comprehensive In~house capabilities and
through contractual support. The jatter is accomplished by providing
technical expertise, consultation services and management support to AFSC
system acquisition divisions, primarily ESD, test centers and ranges and
other AF and DOD agencies as appropriate in regard to studies, analyses,
deveiopment planning activities, acquisition, test, evaluation,
modification, and cperation cf C3l systems and related equipment.
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INVESTMENT STRATEGY

The Laboratory 1is engaged in providing technical solutions to the Air
Force needs for improved Command, Controf, Communications and
Inteliigence. The work has +traditionally been orcanized to confcrm,
where possible, with the AF mission areas of Strategic Cffense, Strateqic
! Defense, C3, Recce/lIntel and Technology. Within these catedgories there
are some 60 technical areas as shown on the Technical Planning Objectives
" {isting (Table 1). The investment strateqy is developed using these 60
areas.

9 la <

-

) The resources that the Center controls (and have long term effect) are
the placement of manpower: and the Exploratory Development (6.2) and to a
more }imited extent, Advanced Technoloagy Development (6.3) dollars. The
Center has developed an Investment Strateqy for these resources.

P

b

- G . e

DY Rl pdad oF A0 g0 g

in evolving this strateqy, a process was developed to: re-examine Air
Force requirements, plus other special interest areas/technologies; and
throuah a "delphi" process with the Center Technical Investment Committee
develop a "puts and takes" for manpower and 6.2 dollars. It is in +this
way, that the Center has developed the list of programs for emphasis and
de-emphasis.

--

The areas of increased emphasis continue to be technology development for
- identifving and fracking relocatable targets; detection and tracking of
! low observable targets: tactical reconnaissance and intell igence
architecture; photonics; refiabiiity and maintainability; and
computational sciences with particular emphasis on software availability
and cost.

. Project Forecast 1Il, an AFSC effort to identify the most promising

military technologies for the next twenty years, has yielded ideas that
¥ are expected *o revolutionize C3l technology. The areas of increased
emphasis continues to be in the areas of BRattle Information Management,
Intearated Photonics and SMART Skins. Project Forecast !! technologies
for which RADC is OPR include areas such as Photonics, Acoustic Charae
Transport Devices, Knowledge-Based Systems, Survivable Communications,
Smart Built-In-Test, Distributed Information Processing Software, and
Smart Skins for C31 Applications. These capabilities manifest themselves
in RADC OPR Project Forecast |l System Concepts such as Airborne
Surveillance System, Theatre Air Warfare C3| and Battle Management
Processing and Display System. RADC has directed the major portion of
the RADC manage-i + V89 budget to continue develcpment of varicus Froject
Forecast Il System Ccncepts wiad lechnologies. This investment s
expected to arow 2ven tarqger in the future.

% ~F Y29

The RADC Photonics proaram initiative includes the intearaticn of optical
tecnncloav/svetems for cpticel oprocessina/computinag, communications,
shetonic  sensors, =aTcC. RADC has been directed vo execute the proarem
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;::f Jimited cnly by tThe technoloagy. The RADC Photonics Cenfer has been
r¢:5 establ ished +to pursue in-house projects in optical sianal processina ard
;a‘: computing, and to provide an overall planning and coordinatina mechanism
O for the RADC Photonics Program.
}’Ar Another important Project Forecast || Prcaram. Smart Skins, will provide
:* . the development of technology for the integration of aircraft antennas.
) b' sensors, processors, etc. into the aircraft skin, enablina higher
! “ﬂ subsystem survivability., total situation awareness, and more efficient
B aerodynamics. RADC emphasis in this area includes technology areas such
D) as conformatl arrays, integrated MMIC-radiating elements, distributed
‘,hf‘ processing, etc. for both near term and far term demonstrations.
L
.
§:¢. The ceneral technology area of Low OCbservable Target Detection and
l?jﬁ tracking continues to provide substantial emphasis both for the CONUS
W (ADI) end European Theaters. The objective of the AD! program is to
(' develop the enabl ing technologies to support detection/track
e identification/encagement of air breathing threats to the Continental US.
s These enabling Technologies are required to arrive at informed Full Scale
,rtf Development and P3| decisicns in the eariy=~to-mid 1990s for air defense
»:?3 hardware acquisition programs. RADC is the lead Air Force Laborztory in
s the areas of surveillance and Battle Management/C3. The technoloay areas
PS being addressed by RADC with applications to both ADl and European
S Theaters include airborne radar, multistatics, space based radar. signal
::ﬁ; processing. target/clutter characterization, multi-media communications
.njq networks, intel-radar data fusion, decision support processing,
':ﬁ: distributed information processing, and deception and countermeasures.
aad
{ . A continuing important area of emphasis at RADC is +the Space Defense
'S?ﬂ Initiative (SDI)., RADC is one of the lead AF crganizations supportina’
*ﬂh SDI. RADC is involved in various technoiogies under the program eifements
%ﬁﬂ_ of Surveillance, Acquisition, Tracking, and Kill Assessment (SATKA),

Directed Eneray Vleapons (DEW) and Battle Management (BM/C3), Technol ogy
areas being addressed include space based large array radars, signal
processing, large coptics, adeptive optics., IR focai planes. monoiithic
microwave inteqrated circuits., radiation hardening. sofiware, artificial
intelligence, distributed processing, communications, computer security
and I¥. The SDI funds being expended in these areas will alsc have a
definite impact in extending the state-of-the-art of technology for

O

P

h ]
ARk

e
‘{5}“_ g

He applications to C31 and Computational Sciences in general. RADC will
) continue to support this national initiative within the C31 mission areas
.:{{ thrcughcut its proaram development,

-r::.r
:n; This Investment Strateay is updated annually to insure that the RADC
e prcaram is in the forefront of C3| and Computational Sciences technology
‘:ﬂ; which will allow battlefieid commanders +to manace their resources on
® land, in the air end in space.
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: RESEARCH PROGRAMS
i
R .
i The research proagram of the Rome Air Cevelopment Center is desianed to
1 provide a sound scientific basis for exploratory and advanced development
" programs in support of the Air Fforce's C31 mission. Further, the
ar research programs are selected in crder to maftch the Center’s 'ong range
23, needs and to spark innovative exploratory development to provide the
: c basis for future military cystems. The majority cf the RADC basic
) research program is sponsored by fthe AF Office of Scientific Research
) (AFOSR).
‘ % Generaily, the |aboratory's research requirements, refiected in the AFSC
jfb Research Planning Guide, are an outgrowth of deficiencies in the
L. |aboratory!s technology base. The research program which addresses these
Q;‘ deficiencies integrates info the total Ilaboratory procram through
H association with the Center's Technology TPQ (TPO-4) where the research
?3' program is depicted as an integral part of the TP0-4 tfechnology roadmaps.
RS By this technique, the identity of research supportina tfechnoloay s
ii: cleariy establ ished.
A
dk The major thrusts of the research proagram, directec toward suppcrting the
Y C3l and Computational Sciences technolcgy base cf the Center are
DK concentrated in electrcmagnetics, solid state sciences, device
‘t# reliability and maintainability, artificial intelligence, thermionics and
3ﬁ photonics. Specifically, the major thrusts of the research proaram
-; fol low:
S
f Electromagnetics - Under this very broad technology base, research is
:ﬂi progressing in the following areas: Electrenic Device and Circuit
<4 Research, Wave Propagation, Radiators, Signatures and Components, The
ko Electronic Device and Circuit Research Program explores semiconductor
SN device phenomena, device fabriceation techniques and circuit architectures
p . with the coal of meeting future Air Force requirements for sianal sensing
:) and processing. Advances in this earea are supported through +the
'gp development of both new device designs and the application of new device
o prccessing techniques. This effort provides the United States a lead in
;{j silicide photodiode research. A major cbjective of the research in
‘b& electromagnetic wave propagation is to develop and .expand mathematical
o models +to predict signal strengths of waves propagating over the surface
® of the earth, throuagh the atmosphere, in the earth-ionosphere wave qguide,
7 and thrcugh the ionosphere. Efforts are focused in two specific areas:
; ﬁ lonagwave propagaticn (ELF/VLF/LF/MF), and hiah freaquency-ionospheric
ol prcpagation (HF). Research on electromaanetic radiators emphasizes the
'51. establ ishment of +hose basic physical and engineering principles
e governing antenna performance in around-besed, airborne or spaceborne
() environments for diverse Air Force applications. The orimary aoal of the
# - electromagnetic sensor research is to obtain increased fundamental
¥) :: knowledge of the scatterina phenomena on which electromacnetic sensor
s ﬁ systems are based so that new electrcmaanetic techniques can be developea
o tTo imoreve the sensors used in surveillance. reconnaissence. and
agy infelligence. “lecrromaanetic “cmponenTt Research solves fundamental
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problems in millimeter-wave circuits, high +temperature superconductors,
and microwave/mill imeter~yeve magnetics to meet needs in command,
control, communications and inteliigence. The expansicn of the frequency
range of integrated circuitry to include millimeter waves will enhance

the capabilities of communication and rader systems.

Solid State Sciences - Under this +thrust research is accomplished in
Advenced Electromagnetic ilaterials, Optical Circuit Components and the
Physics of the Interacticn c¢f Radiation with [latter. The Advanced
Electromagnetic materials work involves the synthesis, growth &and
characterization of electronic and optical materials in bulk, thin film
and fiber form., and the identification and construction of s+ructures
that exhibit new or improved semiconductor, electro-optical and other
exploitable phenomena. Primary emphasis is on militarily—-distinctive,
C3-criented materials generally unavailable from the private sector. The
optical «circuit component research is designed to provide the basis to
develop electro-optical components and establ ish techniques for military
fiber optic communications. Optical communications systems, providing
jam-proof. secure, broadbend capabilities., will fulfill imporfant roles
in C3 mission regquirements. Advanced communications devices providing
intrusion resistant. jam-proof, and highly secure broadband capabilities
will be investigated as well as sophisticated switching and signal
manipulation devices. Hiah bandwidth operational capeabilities of lasers
and detectors will be developed., Necessary research will be supported o
establish a ftechnology base for optical implementation of digital
electronic systems in selected military applications.

The objective of work being performed under the Physics of the
Interaction of Radiation with lMatter is ‘to insure +the availability of
fundamental information required for identifying, characterizing, and
model ing radiation damage mechanisms in electronic, electro-optical and
optical devices, components, and systems. This knowledge is then applied
to the design of devices and the evaluation of device characteristics
during and after radiation. The program provides +the basis for an
extensive activity in developing a hardening technology and hardened
electronics for a2 wide variety of Air Force systems.

Device Reliability and !'aintainability Research

Work in this area 1is directed at device failure mechanisms and RdM
research methods. The Failure llechanism research establ ishes the physics
and chemistry of mechanisms of failure and the thermodynamics cf
degration which affect the reliability of solid state silicon and gallium
arsenide micrcelectronics devices, Combined microstructural,
micrechemical and extreme condition anzlyses will be performed on various
thin film conductor materials to quantitatively determine the kinetics of
+the mechanisms cf mass fransport.




;*VQ The Reliability Research !ethods cfforts develop new methods for i
.Hﬁ analyzing performance limiting mechanisms in advanced device
A% technologies. Several research studies will be conducted 7o establish
! The enalytical procedures required for evaluaticn of semiconductor device
ooty materials and structures. Auger microanalytical studies will be
‘jﬁg continued to quantitatively evaluate these devices.
\
?iFj Artificial Jntelligence -~ This effort has established a consortium of
' universities that are developina artificial infelligence technoloay
D) applicable to C3! systems. Seven specific C3] applications have been
N identified which drive the technical requirements for this program.
&sy These are: Knowledge Based Mission Planner, Intelligent Analyst System,
Wy Know | edge Based Software Assistant, Expert Systems for
'ﬂa Maintainability/Testability, Photo Interpretaticn, Communicaticns Metwork
N {tanagement, and Speech Applicaticns. These applications are considered
to be “technicatly interrelated and +he goal 1is for the principal
i investigators of the individual tasks to work jointly and cooperatively
; is to echieve the broader objective.
N>
'Jck Thermionics -~ In order to meet projected Air Force system needs fcr
" electromagnetic fransmissicn, RADC is emphasizing +he basic technology
® required to improve the performance of microwave and mill imeter wave hich
:-ﬁﬁ powver thermicnic devices. {lajor emphasis is placed on achieving wide
O bandwith, enhanced efficiency, higher powers with stable operation at
:i: millimeter wave frequencies, etc. and on technicues compatible with long
Life. Part of this research is conducted under the advanced +thermicnics

(o

>

research initiative with the microwave tube industry and UCLA. Other
research includes development of techniques to analyze the internals of
tubes on a nonperturbing basis. 'Both of these thrusts help maintain a
strong technology base in this vital area. The results of the research

PR T PN
s -";:‘-‘ ;
el -

" are applied to specific microwave and mill imeter wave tube developments.
)
D Photenics ~ The processing of information using opticai devices is an
extremely rapid growina area with major implications and impact on a
" :- large number cf fietds both civilian and military where large amounts of
> data need to be rapidly processed.

Cptical processors fypically use infcrmation impressed on a |ight beam
(often a coherent laser beam) and perform complex operations on ‘the
entire beam Thereby processing all the information in paraliel. The

0"?‘-5‘

-y{ﬂ processing may be for such diverse operations as correfetion for target
;ﬁfj identification &and pattern recognition, image processing for feature
2 x enhancement or deblurring, weight and phase determination for the rapid
té\j control of phase array radar, etc. The information encoded on the |ight
27, beam and being prccessed may be from a variety of sources such as &actual
o optical imagery, radar data. acoustical data etc. This fechnolcay wil
‘Q&Q fulfill many important roles in +he C3 mission reguirements. These
i;ﬁﬁ include rapid phase-array radar null determination; jam proof radar fo

50db: rapid tarnet identificceticn ovased cn optical and radar imeage
correletion and matched filterina; and spread spectrum acauisiticn based
on eovical I-dimensionegl corretaticn,
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Experimental devices such as spatial |light moduletfors and phase only
filfers will be explored, fabricated and evaluated, and appropriate
processor algorithms and architectures will be developed and studied in
view of their applications to the C3 technology.
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The RADC Technology Program addressing the C31 and Computational Sciences
technoiogy needs is divided into five Technical Planning Objectives
(TPOs) which are further divided into major thrust areas. The TPOs are:

TPO 1 - Command, Control, Communications

TPO 2 - Reconnaissance and Intelligence

TPQ 3 - Strategic Systems

TPO 4 - Technology - C3 and Computational Sciences
TPO 5 - Special Projects

TPOs 1, 2 and 3 are applications oriented. TPO 4 encompasses nine

Exploratory Development Projects. The Projects are: Surveillancs,
Reliability/Maintainabil ity and Compatibility, Communications,

Intel | igence, Command and Control, Electromagnetics, Solid State
Sciences, Photonics and Computational Sciences. These projects ere
al igned with the RADC Mission Directorates. The objectives and technical
deficiencies being addressed are as follows:

SURVEILLANCE - Surveillance thrust develops capabilities and systems Yo
detect, ftfract and identify airborne and spaceborne cbjects. Technical
deficiencies have been identified, prioritized and funded covering such
areas as:

a. Passive/active sensors for detection, frack and identification
of airborne and space based targets.

b. Surveillance (detecticn and frack) of low observable air |aunch
cruise missiles in background clutter and ECH.

C. Airborne surveillance of |ow observable targets in both
strategic and tactical environment.

d. Survivable. mobile and jam resistant tactical radar.
e. Detection and tracking of zir launched, low observable targets.

f. Fault tolerant signal processor to meet clutter and ECH
environment sensor requirements,

g. Affordable, high sicnal fidelity transmit/receive modules with
ultra wideband and high perfcrmance and reliabilitv.

COULUMICATIONS - Communicetions thrust edvances the state-of-the~art in
voice ang data communicaTtion developin¢ secure. survivable and
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jem-resistant communications. Technical deficiencies have been
identified, prioritized and funded covering such areas as:

a. Increased data capacity and reduced vuinerabiiity of lona haul
communication networks.

b. Increase receive~transmit bandwidth/power to reduce
vulnerability of satel!ite communications.

c. Reliable beyond-line~of-site strategic communication system.

d. Optical communications network is required for conducting and
radiating liaohtwave +tfransmissions, invulnerable to Electromagnetic
Interference (EM!) and of very high capacity.

e. Mobile tactical jam resistant capabil ity for advanced survivable
communications.

f. Hiagh capacity covert distribution intelligence communications
network.

g. Low cost, miniaturized and highly efficient communication sianal
processing capability.

INTELLIGENCE - Intelligence and Reconnaissance thrust develops automated
equipment and techniques to gather, +ransiate and condense massive
amounts of intelligence data. Technical deficiencies have been

identified, prioritized and funded covering such areas as:

a. Real +time correlation and fusion of large volumes (10,000
reports per hour) of mul ti-sensor data.

b. Imagery expioitation of extremely high volume (terra-bytes) of
digital muiti-sensor, multi-spectral image data which must be rapidly
processed, stored and displayed.

c. Transform digital cartographic data into realistic views of the
earth's surface for combat mission familiarization/rehersal and C2
envircnments.

(1) Improved analytical process to reduce the amount of time to
issue warning.

(2) Improved database update process so that dafabases are
current for decision makers.

(3) Smal!l, cost effective devices for the +timely collection,
recording storage and dissemination of intelligence data from advanced
sensors.
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(4) Voice data entry and continuous speech processing to improve
COMINT analysis and the man-machine interface for cockpit and workstation
env ironments.

(5) Alternate sources of technical intelligence to enhance space
cbject identification threat system estimates and SIGINT analysis.

RELIABILITY AND COMPATIBILITY ~ Reliabil ity and Compatibiiity +thrust is
The Jlead for military service electronic refiability and maintainability
standardization. Technical deficiencles have been identified,

prioritized and funded covering such areas eas:

a. Measuring and predicting complex micrecircuit performance and
qual ity assurance procedures for MMICs,

b. Emphasis on designing for reliability fo reduce excessive amcunt
of unnecessary C3 system maintenance and down time. :

c. Measurement techniques for HPM effects on C3 and weapon delivery
systems.

d. Measurement and procedures for the functional assessment of MMIC
t¢ undesired EMI,

e. Techniques to determine the operating characteristics of hybrid
photonics devices to high level RF energy.

ELECTROMAGNETICS - Electromagnetics thrust is directed at research in
three major arees: antenna and associated electromagnetic components;
propagation of RF energy; and scattering of electromagnetic energy from
targets and “terrain. Technical deficiencies have been identified,
prioritized and funded covering such areas as:

a. Reduction of array size and weight, employina cost effective
solid state devices with increased system bandwidth, and relatively low
sidelobe performance. -

b. Less costly beam steering components for ATSR, SBR AASR.

¢c. Size, weiaght and cost limitations, of MILSTAR synthesizers.

d. Development of superconductivity components for lcwer noise,
higher cpeed and bandwidth.

e. Know |l edqe of bistatic scattering statistics for sianal
processing for multistatic surveillance systems.

f. Techniaques to detect reduced radar cross section airborne
taraets utifizinag monostatic radars.

a. Statistical models fTo predict and exploit auroral zone behavior.

14

CRICIOOIONGKY
alhnt

A D S DN DS IS DN DRI (Il UMMM
NG ARA0LONA AN SERR R AR OCIN M DK



1S5
14
:¢ X SOLID STATE SCIENCES - The Solid State Sciences thrust is directed at
st % research in: electron device technology; electro-optics; photonics; 4
L0 electromagnetic materials; and radiation hardenina. Technical !
P deficiencies have been identified, prioritized, and funded coverina such

v areas as:

-‘-.-.'.’,:}*
ot i g e SN X

a. Development of high resolution/low cost IR array imagery
processing devices and simplified IR image processing.

"-).
b L
) b. Control of Phase Array Antennas employing Photonics Devices.
ay
YAl c. Development of intrusion resistant fiber optic communication
v }ink and photorefraction and non-l|inear materials for optical processing.
1Y
M
an d. Bulk/Ultrastructured materials fc fiber optic and millimeter
wave devices.
AN
) . e. Superconducting devices
L
j» f. Radiation Hardened space qualified processing.
> ¥
.‘ g. Radietion resistant MMIC circuit.
-
:f COMMAND AND CONTROL - Command and Control thrust utilizes technologies
; { such as Artificial Intelligence, distributed data bases, software and
»;:J decision aids to develop systems that automate and streaml ine the command
bt and control process. Technical deficiencies have been identified,
£ prioritized, and funded covering such areas as:
LY
:;’5 a. Application of Artificial Intelligence to tactical Battle
p,f Management  to reduce manpower need, improve interoperability and
o survivability and be responsive to uparade and improvement.
D
B
f}f b. Incorporate Decision Aids within Battle Management system., to
jqr decrease manpower and training requirement through automation.
N
0
Anihy c. Greater user/development interface in acquisition of Decision
i;?- Aids by implementing Command and Control technology [aboratory.
1
!6' d. Survivable responsive, adaptive SIOP planning in trans attack
i environment.
;'l &u
P PHOTOMICS - Photonics thrust is directed at research toward intearated
optic systems, devices and processes for future optically based AF
S systems. These systems will be invulnerable to electromagnetic
' interference (ENMI), electromaanetic puise (EMF), and radio frequency
o interference (RFI). They have high capacity. are pctentially small in
fﬁk size and highly reliable and will require Ilow power. Technical
) deficiencies have been identified, prioritized, and, funded coverina such

::z Zreas as:
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a. Broad based optical computing including processing of
algori.rms, artificial intelligence and optical interconnects.

b. Optical surveiflance addressing requirements for counter
steal th, precision tracking, Ttarcet ID and discrimination. 1t includes
both active and passive sensors.

C. Laser communications including transmitters, receivers,
mufti-beam arrays and processors.

d. Digital optical computer architectures, components and
algori thms.

e. Optical signai processing for ELINT exploitation.

f. Optical mass memories to include both disk and tape formats,
erasabie and non-erasable media for mass storage in a tactical
environment,

a. Optical Beam Forming Communications/Surveillance antenna
processors to include digital beam forming signal distribution. matrix
vector processing and antenna nulling.

h. Infrared Sensors in support of space surveillance and image
transmission and processing.

COMPUTATIONAL SCIEMCES -~ Computational Sciences  thrust  addresses
solutions to the Air Force needs in software engineering technology,
systems technology/dlstributed systems and artificial
intell igence/know!|edge-based systems. Technological deficiencies have
been identified by operational commands (TAC, SAC, Space Command, etc.)
development and support commands (AFSC, AFLC, MAC, AFCC, etc.) and Air
Ferce and DOD studies. Work has been prioritized and funded covering
such areas as:

a. High cost and poor reliability of mission critical and embedded
software.

b. EMP susceptibility of computational systems.
c. Inadequate hardware and software +tools and techniques for
exploiting distributed and high speed paraliel computers in

computationally bound military applications.

d. Ability of present Artificial Intelligence (Al) technoioay to
scale up to large and/or real-time weapons systems applications.

The RADC techncloay proagrem is conducted both in-house as well as at
varijous contractor and academia facilities. The following describes the
work within each of the TPO areas.

RADC TECHMOLCGY OBJECTIYES - A description of each of the TPOs fcllcws,
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TPO-1, TITLE: COMMAND, CONTROL AND COMMUNICATIONS (C3)

N This Technology Planning Cbjective (TPO) addresses work RADC is pursuing
tfoward improvements in the Air Force's capabilities o perform its
t command, control and communication (C3) mission,

oo
»
£l

X Within fthis TPO there are four major areas of concern; namely, Common C3,
,{\ Strategic C3, Tactical C3 and Electronic Combat. The overall goals of
g TPO-1 are to:
¢ a. lIncrease survivabil ity and endurance of Long-Hau! Common User
g Communication.
.;g ‘l

¥
gk b. Develop an Anti-Jam Survivable means for disseminating Emeraency
9? Action Messengers (EAM).
A .

o c. Provide secure Jam Resicstant communications, surveillance and
ﬁﬂ force management systems within TACS.

+
$ﬁi d. Detect. lccate and classify enemy C2 force elements.

.
! COMMON C3 is defined +to include those areas that are not specifically

tactical or strategic in nature but provides technologies that will
improve survivability, connectivity and security of the long haul common
user communications. Althouch much of this work is in direct support of
the Defense Communication System (DCS), the technologies developed are
frequently applicable to the tactical and strategic missions.

O

In the switching and control of a node, the application of advanced

S' rcuting architectures and muiti-net gateways are being pursued to enhance
R e the connectivity and interoperability of communication systems. The use
%- of endurable communication ijinks is vital to the DCS along with improving
K\ link availability through the application of adaptive antennas, signal
ot processing and spread spectrum modulation technologies. In addition to
® link survivability, the network must be capable of withstanding both
o physical and electronic assault, Improvements in both hardware and
:5 software for the control of a complete and secure network are needed.
{ﬁ Such issues as fault isolation, distributed technical control, rapid
;4 communication net restoral/reconfiguration and the detection and
Pk identification of Flectrcnic Counter leasures (ECM) are beina addressed.
@

B Space communicetions is & much used and critical portion of the support
" communications missicn, but it currently suffers from the lack of
é, anti-jam capability, mobilitv, flexibility and availability. These
:sr deficiencies are being addressed by providing the capabilities to operete
1 in the SHF/EHF bands with new conformal beam formina antennas., RF
3
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} generators, robust signal formats and reducing the potential for self
3 interference at these critical frequencies. Both ground and airborne

%n{ appl ications are being considered,

e

L2
! Communication security is an activity that is mandated by national
:5, policy. Programs in TEMPEST automation, VHSI/VLS! vocoders and voice
g Intelligibility will add to the Air Force capabilities to meet this
::' mandate.
LN
&.. The STRATEGIC C3 goals are to develop the technologies which will lead to
{) a survivable and enduring C2 structure capable of positive control of the
%vﬂ strategic forces on @& global basis even in the hostile environment of
: \ physical and electronic attack, disturbed propagation and enemy SIGINT
Qvﬁ activities. The endurance of the command authority throughout a full
: o spectrum conflict will also require the graceful adoption of new
Rt technology, along with new procedures. The resuiting improvement in
( Strategic C3 is both mandated by the evolving threat and advarces in
o strategic weaponry.
tﬁ
;i* The development of Signal Processing to support beam and null steerinag
5&: and rapid retune capabilities, along with a variety of signal processing
k‘. techniques for both narrow and wide bandwidths, are the keystones to
4 future systems. The VLF antenna for ground and air locstions remains a
e major  technoiogical issue, as does the need for low probability
e exploitation transmissions across the band. Those technolegies . which
zif: permit communications to be adaptive, wideband, and mobile will affcrd
::;& low probability exploitation transmissions across the band.
‘e
. The Strategic C3 experiment is to investigate the technological issues
o surrounding this endurance issue considering the use and l|oss of
‘€¢‘ distributed/data bases and the communications interconnecting the data
3:5 bases. Understanding reconfiguration and reconstitution of the assets to
jﬁsi provide command continuity is critical to the system architecture and
»le doctrine.
)
o [ACTICAL C3 contains all of the elements of Command, Control,
?2§ Communications and Intelligence. The major technical deficiencies within
?'Q today's tactical C31 systems are survivability, capability, timeliness
'.ﬁﬁ and mobility. It is these system characteristics that are being
A addressed in the RADC program for Tactical C3. The four functional areas
® < of communications, surveillance, command and confrol and intelligence
oo will be discussed in order.
‘.‘;:f_. TACTICAL COMMUNICATIONS: The approach to meetina the goals of the
..¥£ tactical communications mission is Yo solve some of the near term
Lattal probiems such as transisticning fiber optic cables into the field at the
.. earliest possible time while tfaking a2 longer term look at systems
ey vulnerabilities To determine future needs. |In the near term, standards
it for fiber optic connectors, sources and detectors must be prepared. In

' the future there is a need for a family cof transceivers, optical
multipltexina, RF transmissior, transmission over sincle mode fiber and
Sl intrusion resistance cables. The qoal of advanced <curvivable
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hh communicaTtion technoloay is to develop an enduring communicarions base
g that will enable the future TACS +to survive the hostile ECY threat.
it Consideration will not only be aiven to the arowing jammer threat. but
M) . S -
)n, also fto the need to reduce vuinerability to intercept.
R: : For the loncer term soluticns, the Communicaticns VYulnerability
;:: Assessment (CVA) effort with +the associated evaluation of netfwork
- facilities will provide electronically hardened communications system
j:- developments. From this, the design and deveiopment  of robust
N distributed and adaptive networks can be effectively done. Within this
1 overall framework is the need for specific advancements in survivable
n: multi-media channels. Low cost dafta |inks and associated phased array
N antennas are key technical issues for near real time information flow and
Y weapen contrcl while being subjected +to intensive jamming and SIGINT
R activity. Voice communications is an important part of the tactical
&Y mission, but it must be secure and jam proof. Digital fechniaues in the
EHF band are being exploited to develop a low prcbability of infercept
e and highily jam resistant vcice channel for air to air use.
N
Z: SURVE TLLANCE : The number, speed and “turninc capabilitv of
e airbreathinag vehicles within & theater continues +*¢c arow while the
. rotential for radar cross section reductions become more real. These
® Target characteristics alona with an ever expanding and sophisticeted EY
threat pius an increasina threat from a variety of weapons desianea to
;: destroy cround and airborne surveillance/C3 assets presents a very
) challenging task for the surveillance and ID systems. Since no single
e surveillance platform cr sensor type c¢an deal with This threat. the
‘s Surveillance program includes the deveiopment and demonstration of the
{ technology for: 2 highly mobile advanced around based phased array
? radar; a multi-mode around based passive surveillance svstem; an advanced
Y airborne cecnformal phased array system with both active and passive
f: modes; and the netted surveillance tecnnology required to intearate the
*o outputs of these new sensors to qenerate a sinagle unambiquous air
) situation picture.
j;- The goal of the Advanced Airborne Surveillance Radar (AASR) is the
fﬁ development cf an airborne sensor technology base for an advanced
iQ muitispectral sensor as well as evolutionary improvements to AYACS for
‘b low cbservable threats in a complex EW environment. The emphesis relates
AN to airbcrne surveillance in both strateaic and tacTical environments,
L] Key objectives are the restoration of surveillance in jammed sectors,
L7 impreved tracking of multiple and maneuvering tarqets, =xtended detection
', to stealth targets, hiah mach missiles and hel icopters as well as reduce
'; vulnerability to pnysicel attack and provide for positive identification,
" The major technical thrusts are to demonstrate eirborne conformal array
. technoloqy, intearete active and passive sensor data. and demonstrate
[ mul ti~band/spactral airborne sensor technoloay.
)
: The ncal cof the Advanced Tzctis2! Surveillance Radar (ATSR) oprcaram
:: wiil be tc deveiop and demonstrate key technoloaies associated with
l: surviveble, modile and jem resistant tactical radars. Goels include the
1o capability T2 «cetecT, jocate, track end identifyv airborne toraete in &
L
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mul ti-threat hostile environment including low RCS to provide rapid
deployment «capeability for physical survivebility; and to suppeort The
demonsiration of non-cooperative (0. Efforts to develcp The microwave
radar +echnoicgy necessary for the develcpment of C/S band microwave

P

- -

_j radars in the post~1990 Time freme which meet the tactical threat include
W Low Cost Phase Shifters, +the High Stability TAC Transmitter and
:3 Demonstration of Automatic Adaptive Radar Control.
B COMMAMD AMD CONTRCQL: The current methods of doing force manacemenTt
' is largely 2 manual process and is far too slow for the dynamics of
N modern tactical warfare. The near term introduction of automated aids
i: and the lcncer term systems design comprise the RADC program. The three
R main Ttechnical areas being pursued are modeling and simuletion,
:: functional automation and man-machine interface. Key features of this
&N approach are that it is evoluticnary, relies heavily on user
‘$ participation and will possess the qualities of intercperability with the
PN current and other evolving force management equipments and concepts.
'; This program will lead to & capability to perform Command & Control
" functions in a modular znd distributed manner. The solution ie)
! distributed and interacting date bases is vital to implement the future

survivable command and contro! concepts derived in +he Air Force 21st
: century Tactical C2 study.
o
; A communication structure of fiber optic and coax cables that fcrm the
'$ backbone of the Command zand Control Technology Laboratory (CZTL) has been
[ installed at  RADC. This will create the environment for
, testing/evatuating many of the concepts of heterogenous distributed
" systems that one would expect 1o find in the real world. These tools and
vy concepts provide powerful new approaches to tactical warfare management,

[

A program for the development of a Ground Attack Control Center (GACC)

X will provide those fechnologies and strategies to brina together the

total system control cf sensors, data processors, weapon selection and
control for +the air interdiction mission. Both of these proarams are
veing conducted in close coordination with the ESD  acguisiticn
directorares.

Al

;3: INTELL IGEMNCE ; Intel | igence covers development of Sigint
) exploiftation technolcgies and ftechniques and Combat Sensor. Management
9 and Correlaticn. Command, Control, Communications and Counter 'leasures
; (C3Ct1) Decepticn is also covered under the Intelligence ilissicn, In

medern factical warfare. intelligence must be an intearal part cf the
command and contrcl structure and automated to the point that i+ is

. b J
a8 Ay

-

»
: compatible with that sTructure. The approach teina pursued is one of
i both near term and lonc Term developments which will result in & hichly
zutomated nmnulti-sensor system capable of meetina the force management
‘j needs in & hichly dynamic air and 4 cund war.
j in the sensor area, werk is ongoing +o cevelcp & nmulti  spectrum
M cepcbility. An  effort in the autometion of SIGINT explcitetion anc
4 repertina will siagnificantlv contribute to the intell|igence data process.
" The Advanced Imegery Explcoitaricn System (AIE! will provide 2 near rzal .
it
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O Time capebil ity fcr cetecticn. identificaticn and precise lccaticn cof
.*: hich prioriTy ftactical Targets. Technical areas zppliceble o Siaint
N includes autonatic signal detecticn, cutomatic siagnal rscogniticn anc
{V, near real Time information e.frccticn,
-“ﬁa The Penetraticon Analysis Support System zlona with programs |ike
; A Sensor-Fusicn Analysis will aid in the process c¢f penefretion analysis
:;: and decisicn through a&utomating the mostiy manual process. ithin the
e tactical theater there are many diverse sensors &and support subsystems
‘oah] that have a wealth of capebility and information. They nusT be brought
' together in a cohesive and organized manner fo produce the rost effective
‘,ﬁi resul ts. The Combat Sensor Ilianegement and Cerrelation prooram is
;:: intended to do this and make availabie to +he force manager the best
e nossible picture of the battlefielc.
| J'_r"
Ry As cited above, the current methods of doing force managenent is lzrcgely
( ! manuzl and is far fco slcw and simpiistic for the dynamics of modern
) tactical air and ¢rcund warfare. The near term introduction of automated
Z:f: aids and the longer term total systoems cesign comprise the RADC procram.
B
;:f: The three mzin 7echnical ezreas being pursusd are model ing anc simuleticn,
Y] functicnal aufcmation and the man-machine interfzce. =®ay fzetures of
® this approach ere *that it is evoluticnary, relies heavily co¢n user
f?ﬁ paerticipzticn znd must possess the qualities of interopercbility with The
ﬁi: current and other evolvinc force management 2quipments <nd  concepts.
O This precgram will lead To & capability To perform Command & Conirol
-i@ functicns in a2 modular and distributed manner. The solution To
x distributed and inferacting data bases is vital to tactical znd strategic
( activities if they are to survive in projected scenarios,
;b&
j‘*- Electrenic Combat enccmpasses Command, Control Communications
Q{}: Countermeasures (C3CM), Electronic ilarfare (EY), and Suppression of Enemy
):ﬁ Air Defenses (SEAD). This area addresses C3Ci as defired by DCD
o) Direction 4600.4 &s the integrated use of OPS . deception, jamming and
::2 destruction, supporfed by intfelligence in order 70 deny infcrmafion to,
oy influence, degrade or desfroy adversary C3 «capabiflities, The
e countarmeasure strategy ecddressed in the O350 concept hes as its

cbjective <+he countering of the enemy command and controt (£Z) function,
with the countering of the communicaticn (C) function only as & means 7o
the end.
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As defined oy JCS 0P 185, +the goal cof +he C3C! is to ceny eneny
cemmenders :ffective command ond confrol of fTheir own fcrces while
maintazining cffective ccmmand and control cf friendly forces. The PADC
Zlectronic Combet work supports +he ESD C3Cl! program desicnad to develcep

el -

and field czpabilities sc that the TAF can emplcy C3CY werfzare strategy
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it affazctivaly. The specific objectives are To: develiop 2 tarcet
s rococniticon czpabitlity  <or  7T3CH battle information :anzgoament  znd
;&' svecuTicn; uavnlcp zng 2valuate decicicn aids for us2 in the existing O3
R structure -5 suppert C3C10 ond contrct  friencly oniitars:  develop
[ decezoricn Trianinucs: and o provide an integretved C3CN cmpebility  fer
x;'. *acTiczl ousce.
B ‘-'.
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Integration  of intelligence and C3C! will: improve real-time
intetligence support to C3C!, provide reapid assessment of aneny
intentions. provide intelligence target/EC/decepticn options to the 21st
century TAC's battle staff in near r=al-time, provide fusasu., correlated,
analyzed and assessed intelligence information regerding enemy coursess of
ection and suggested friendly responsive courses of action, and deveicp
techniques and tools for imitative, manipulative, and operational
deception of enemy C3.

These develcpments will provide +the Air Forca with the ftfechnologies
required for force enhancement through an inftegrated C3 system which
orchestrates the use of lethal and non-lethal weapons in & timely manner
for Electronic Combat (EC).

PQINT QF COMTACT

'r. Robert lletzcer
RADC/XPX

Criffiss AFD MY 13441-5700
(315) 330-30456
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TPO-2, TITLE: RECCE/INTEL

N )
ho This Technology Planning Objective (TPO) is directed at Advanced
o Engineering Development and Acquisition in the areas cf: Surveiliance

Y and Correlation/Fusion, Yideband Recordina, Speech Processinga, Knowledge
§. Based Intelligence Systems, and C3! Data Base Techniques. Exploratory
. Development work addressing these areas is under the RECCE/INTEL portion
I of the Technology TPO, TPO-4. Exploratory and Advanced Development
{Q investigations in the areas of Signal Intelllgence. Combat Sensor
X Management and Correlation, and Intelligence C3 Countermeasures (C3CH)
%a Integration are being accompl ished under the C3 TPO, TPO~1.

Y

CORRELATION/FUSION brings together all RADC efforts +that have as an end
- objective the processing and integration of varicus types of data into
5 finished intelligence. Correlation/Fusion encompasses the aforementioned
technical areas of Data Handling, Imagery Exploitation, Precision
Guidance and Strike products.

DATA HANDL ING addresses three areas nemely, Analysis and Correifation, DOD
? Indications and Warning, and Intelligence Data Handl ing Systems. The
objective is fo provide enaineering, technical, and acquisition expertise
to develop, modify and improve software and hardware for processing
scientific and technical data. Technical areas include automated text
processing, sensor correlation/fusicn, relational and distributed data
. bases, analysis techniques for remote sensing data, and SIGINT
s correlation. The work can be described as follows:

f ANALYSIS- AND CORRELATION is directed at auagmenting conventional S&T

: intellicence, lcng range launch detection, and vehicle identification.

" The technolcgies are directed at analysis and exploitation of RF siagnals

' and unintentional electromagnetic emissions, including emissions from
rocket engine exhaust plumes.

2

)

f‘ DOD INDICATIONS AND VWARNING (1&W) efforts are concerred with
& improvina and modernizing our &bility to monitor, assess., and exploit &}
¥ information. Work in this area includes exploring new technolcgies and
their applicability fto the [& arene. Expert system technology has been
applied in the space foreion launch, long range air, and stratecic
relocatable target areas. These systems demonstrate the usefulness of
the expert system tfechnoclogy and advanced-— man-machine interfaces to
assist the |dW analyst in performing his missicn. These diverse and
complex domains were chcsen 1o get +the gareatest payoff in terms of
usefulness to the operetional 184 seament, and to stress +the [imits of
the technolcay. Areas now beina investigated are knowledge base
structures, naturzl |ancuage oprocessina, and operational. trznsistion
prebiems.
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?&& systematic replacement of “technically obsoiete computers, peripheral
Q%. equipment, and storage and retrieval equipment in the Air Force, Unified
Q*} and Specified Commands, and the Defense Intelliqence Agency (DIA). HMajor
}Jﬂ technical issues are those that: correct deficiencies and weaknesses in
7 the current methods employed &s aids in the analysis of intelligence
z&a data; develop concepts which have the pctential for automating and
?h\ improving upon current analysis methods; develop and implement software
fv: and hardware capabiiities within user organizations ‘o provide more
agg efficient, complete and timely intelligence data.
‘b,
! } IMAGERY EXPLOITATION will fully exploit the infelligence and information
4\’ content of multi-sensor and multi-spectral reconnaissance imagery in
ﬁ& support of the Tactical and Strategic Forces, Space Forces, and other DOD
&ﬁ’ organizations. The research and development thrusts include such
ﬁgq system/technology areas as: photo interpretation and image analysis,
; o understanding and defeating the denial and deception tactics that can be
' applied to counter imzge systems, digital image processino  and
‘;? manipulation (for the purpose of; image analysis, image compression,
e image enhancement), target and feature recognition (with the coal of full
NJ; automation), three dimensionzl tarcet model ina, and the specification of
aP and utilization of special ized data bases for (manual, semi-automated and
ik automated) image interpreration and analysis. This area also addresses
L the inftegration of these areas To allow for; +the rapid derivaetion of
[ () combat inteliigence, tracking of mobile targets {(or targets with
; suppressed signatures) and to provide Timely and &accurate, target
g ,* intel |l igence &nd +target intelligence materials for current and future
: *§ weapon systems.
I L

PRECISION GUIDANCE and STRIKE PRODUCTS will develop an  automated
capability to process, store, maintain and format Eerth surface data in
support of Air Force wide requirements for planning, navigation/auidance
and targeting. Major technical issues addressed include: consolidation
of Air Force wide requirements for digital cartographic product
specification(s); the implementation of qeneric, reusable and
fransportable digital application processes along with the required
underlying Earth surface data base(s): and the deve!cpment of advanced
terminal homing reference scene generation capabilities.

PQINT OF CONTACT

r. MNicholas DiFcendi
RADC/XPX

Griffiss AFB NY 13441-5700
(315) 330-~3046
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o TPO-3, TITLE: STRATEGIC SYSTE!'S

S!:
:’ This Technology Planning Objective (TPC) is directed at providing viebie
.?:: surveillance &and warning sensors coupled with commang ond control
% functicns for surveillance systems in support of Atmespheric
o . Survecillance, Space Surveillance. Strategic Defense [nitiative {SDI) and
:KS' the Atmospheric Defense Initiative <{(ADI). The challenges of plecine
(N radar and |larce opTical systems in space, the detection and +tracking of
%%: ) low observables, and +The operaticn of sensors for tracking objects in
}%ﬁ space for strategic detection are of primary concern.
il
D) ATHMOSPHERIC SURVEILLANCE & WARNING: The atmospheric surveiitance and
ﬁh} warning thrust considers both eatmospheric and space surveillance and
Qﬁ: include technology areas of space based radar. low observable
1&,‘ surveillance and intel/special radars. These thrusts zre driven by &
;p. common understanding of the fhreat environment and are deveioped oy an
Ay integration of technology (TPO-4) initiatives i.e. (signal processing,
{ sensor fusion, solid state device technolcgy, antennas, propagztion etc).
:g N The epproach being taken is o tune the sensors +0 the threzt cbservables
: . implying &n adaptive multispectral design,
; ) SPACE ZASED RADAR (SCR) - The goal cf S2R is +c develcp ¢ senscr
e technolcay base To address *he surveillznce of al!l targets including very
d low observebles in a hostile jamming environment. The =nmphasis is cn
fﬁr, detecticn and tracking of Air Launched Cruise llissiles in zl| background
ﬁﬁﬁ: clutter and EC! environments, Technology +thrusts include wideband
hﬁﬁ mul tispectral, frequency scan and distributed aperture systems which have
,'h: the potential cf providing lower costs and survivability. Two parealiel
fatleg effcrts have bDeen initiated which will each <deveiop 100 L-band SBR
f‘ transmit/receive modules. The nodules will be designed with space
1Y qualification in mind. A wideband (890-1400 !Mz) SBR design will be
: t‘ developed. The objective is to determine hcw a large depfoyed aperture
5 can be achieved for a corporate-~fed array with wideband capedbility and
g > packaged to fit one half the shutfle bay space. A version of an SBR will
e be ground tested to enhance the probability of success of the first gpace
2) iaunch. Also an active space test of & subscale array via a space
ﬁ% shuttle attached experiment is plenned. Innovative SBR concepts have
e been solicited on @ PRDA., The objective is +to develcop raw second
@& neneration SBR concepts which provide afttractive alternativss and offar
O dramatic improvements in survivability and cost. The focus of This
! research is in SBR system architecture, concepts of cperation. component
L] techrology, packaging and deployment.

]
?ﬁk) Lo CBSERVABLE SURVEILLANCE - The goal of +the Low Observable
K b sub-thrust includes +The evaluaticn and development of The Tthrect
) ﬂ cbservables, sensor ctackqround &nd responsive technolcay for The
e detection cnd +rackine of airbreathing, low observabls tarosts. Ths
d fecundaticn cf The +hrust is multi-spectral target and Saclkground

characterization. This was accompl ished throuch an interactive modslina
cnd val ideticn mezasurement nregram.  The cavelopment of bistztic sensors
tc  <chiave low cos2arvadle surveillance is & najor technelceoy initiative.
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: ‘ Further, the development and demonstration of fusion processing o
é&s integrate and enhance sensor performance is considered important to
VS achieving the requirements of wide area coverage for |low observable
’ surveill ance.
W
) IMTEL/SPECIAL RADARS - Unique sensors for the surveillance of
3;5 satellites, missiles and aircraft have been and continue to be developed
ﬂ*' and improved to meet requirements for space track, attack warning,
-f%ﬂ intelligence and air cefense. There are no 6.2 funds expended in this
t) Intel/Special Radars subthrust since all cf the work performed is in
A support of external agencies who reimburse RADC for the technical effort
&§ expended to effect technology transfer mainly to the CONUS OTH-8 Program.
l'|‘l
ﬁﬂ% SPACE SURVEILLAMCE AND WARNING provides methods to conduct llission
ol Paylcad Assessment (MPR) of space objects, and +tracking, targeting and
4 kill assessment for ASAT and attack warning by electro-optical concepts.
ey High frequency ducted ionospheric concepts are investigated Yo provide
:; advenced HF communications and surveillance fechnigues.
Wy
;hga ELECTRO-OPTICAL SURVEILLANCE -~ The goal cf this subthrst area is tc
bﬂﬁ develcp and demonstrate advanced electro-optical surveillance systems for
P the detection, +rack &and identification of airborne and space-based
ﬂsq fargets. The program includes evaluation and trade~-off of active and
a&% pessive sensors and sensor systems, as well as simulation of their
i*«f performance under ez variety of backgrounds across & rance of Target
g%y parameters with parvicular emphasis on the low observable threat. In
:%. addition to sensor and hardware issues associated with this area, the
program includes a thrust phenomenology to assess the completeness of the
T present infrared databases for particular backaround and clutter
:Qﬁ, environments. In parallel with that assessment specific measurements of
b selected targets are scheduled against a variety of candidate backgrounds
cﬁ% to val idate and suppl!ement the existing database. Specialized processing
b techniques will be developed fo derive maximum system performance in
D) severe optical "clutter". Additicnal processing will be employed to
g$‘ examine the potential baneficial effects on system performance of optical
~§.ﬂ system when wused in a multi~wavelength mode or, when employed with
3&5, . sensors in other bands entirely, Non-imaging techniques +¢ perform
@N? mission paylcad analysis and space object identificaticn functions for
4 deep space objects will be investigated. The focus of this program will
be to implement cost effective measures, such as photometry and speckle
] techniques, both of which require small cheap telescopes. Technol ogy
ﬂab_ developments include simulaticn and modeling, and multispectre!l data
o{ : analysis. advanced optics design and fabrication techniques, and sensor
EV' demonstrations.
Joa%
@ DUCTED  ICHOSPHERIC PROPAGATION - The Ducted lonospheric Propagaticn
ﬁﬁgﬁ subthrust is aimed at increased understanding of ducted modes and their
ub useful ness in surveillence &nd communicaticns cpplicaticn. Recent
%_f theoretical research has indicated the possibility cf achieving religble
[ lcna-range (10,000 km) HF (3-99 {Hz) radicwave propagation by exploiting
P ductzou niodes in The ioncsphere at altitudes in  +the 120-Z50 xm  rance.
L] etural. cs well &5 crtificial nodificaticn of the ionosphere oy means of
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fx intense radio frequency heating near the duct injection point, have been

q‘ investicated as a promising means of achieving coupling. A satellite

&: experiment is planned to place a unique wideband HF (6-30 [Hz) receiver

system at altitudes within the expected ducting regions. Several around

o ’ transmitters will be used to inject radio signals info the Ionospheric

hg ducts wutilizing both nratural and man-made ionospheric irregulerities.

ﬂ& These ducted transmissions will be received at the sateilite at distances

zq greater than 10,000 km. Several signal parameters will be measured to

xo establ ish the characteristics of +the ducted modes. The satellite

) receiver system is completed and has successfully passed the reaguired

;zﬁ environmental tests and is now fully space qualified.

S

5;%: STRATEGIC DEFENSE INITIATIVE (SDI)

(N

QQ RADC manages seven Strategic Defense Initiative (SDI) Vork Packaoe

{ Directives (WPDs) and provides technical support to four additional VIPDs

A managed by other organizations. During FY89 we expect to spend over 70

z. manyears of RADC manpower supporting the SDI. The following paragraphs

IQR briefly address the W/PDs that RADC is managing.

he

fe: Large Radar Array Technolecgy - The objective of this WPD Is +to develop
® the .key technolcaies necessary to implement |arge survivable space-based

o discrimination radars. The program address +he discrimination of
N re-entry vehicles from decoys during the post-boost phase of

o

b o

ballistic-missile trajectories. The technologies include
transmit/receive module develcpment and the fabrication/deployment of
large phased arrays.

-

n Real Time Signal Processor - The objective of this {IPD is the deveiopment
{¥~ of spaceborne processors and their associated software that can meet the
%; numerical rate and physical design requirements of SDI space elements at
u( the sensor level, operate autonomously for long periods of time, be fault
9} folerant and be capabie of system reconfiguration and reprogramming.
W SATKA LARGE OPTICS TECHNOLOGY - The objective of this PD is To
ﬁ: develop technolcgies for producing, fabricating, mainfaining, TesTing and
?} evaluating large optics for all SDI space surveillance systems. These
ﬁ% cptics must: 1) operate at liquid He temperatures; 2) be produced at
o, rapid rates; 3) survive the nuclear prompt environment; 4) maintain very
low scatter surfaces, and 5) support the SDI mission over extended
;:':' pericds of time.
;{ CE!! LARGE OPTICS ~ The objective of +this !PD is to develcp The
Yy advanced larce optics technologies required by large primary mirror
" optics for use in space--based and c¢cround-bzsed |aser weapon systems.
This +task hes direct responsibility fcr technology development for the
o large optics for GBL g¢round segment, GEL space segment relay and fightino
:k’ nirrcrs, S8L and Lamp.
}
;ﬁ; Atmospheric Compensation - The objective of this !IPD is to davelcp the
hgp fow power cdapTive opvics Technelcay required for oround Dbased leser
L ] . Lrgapen 5V STENS, The major +vechnolcay eiements include wavafront
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; correctors, wavefroni sensors. wavefront reconstructors and spatial light
e::.v modul ators.

R

’ Advenced Trecking, Pointing (ATP) and Fire Control - The cbjective of
$5 this WPD is to provide a complete and integrated solution +to attack
Sﬁ: management and to demonstrate the feasibility of achieving the mission
lﬂ; timel ines for Directed Energy Weapons Systems. The major technology
{:ﬁ elements include fire conftrol and ATP interface., attack management
) testbed, decision algerithms and fire control advanced concepts.

v

Q§' BATTLE MANAGEMENT C3 TECHNOLOGY - The objective of this YWPD is +to
ﬁ\. design and develcp the tools and techniques necessary to implement policy
ﬁa‘ for secure processers and distributed processing systems, to produce
aks policy responsive BM/C3 =algorithms, protocols and decision aids, to
5 design, develop, test and evaluate technology for space-based elements of
( strategic defense battle management communications network and to
v@ guantify risk and cost. The major technology elements include high

o performance, fault tolerant, radieticn-hardened secure Brn/C3 processing
ﬂﬁ devices, systems and utility software protocols, algorithms and decision

o aids responsive to system employment policy and communicaticns devices
WY and networks fo support SDI system.

®

nﬁ in addition to the !/PDs that RADC manages that are addressed above. RADC
¢E} provides technical and coniractual support to Space Divisicn on the SATKA
o Integrated Experiment /PD, to AFSTC on Infrared Focal Plane \IPD, 1o the
LN US Army cn the Radiation Hardening WPD, and to AFOSR on the Tera Hertz
} ¥ Sensor Technology portion of the Innovative Science and Technolcgy PD.
f,'* . ATMOSPHER IC DEFENSE INITIATIVE (ADI)

"

”fl The Atmospheric Defense Initiative addresses the "atmospheric threat"
b created by the introduction of |ow observable (Cruise Illissile and
A Steal th) technology and compl iments the tayered defense strategy started
:P3 under the Space Defense Initiative.
%\. The system concept emphasizes an evolutionary process that first
:ﬁ addresses near-term improvements to the present surveillance systems
5 : while initiating programs +to develop technolcgies required to support
X long~term objectives. MNew sensors, as well as added uses of fused data,
! are driving the Surveillance and Command and Control! functions.
Eg _ SURVE ILL AMCE

"
'is The Surveillance function is addressing the Low Cbservable threat., The
! program is directed &t the evaiuation and development of the +threat
Q» cbserveables, sensor background and responsive technology for the
- detection and fracking of airbreathing, low observable targets. The
‘qﬁ foundeticn of +he thrust is mnulti-spectral +target and tackground
\:{ characterizaticn., This was accompl ished throuch an interactive wmodelinag
A and valicaticn nmeasurement program. The developmarnt of Listatic sensors
P o echicve |ow oCservable surveiilance is & major technoloay initiative.
N FurTther, the Cdeovelcpment and  demonstraticn of fusicrn orecsssing to
)
0‘.'
o
l.'.Q
28

. QO XN e |.| . ()
" et RRIRTRG vw‘
R R R R R R T R I A O R AR I T R R N R R R R R T IR

U0



(L)
¥

4

A ISR
OB

OOIOOOAAGN00) OOORNER OO0 OO0 Q \ OO 0 Q
Qa’.‘a'e?:':h_‘:._'a_'..‘a?-h'.?a'..a‘:!a'-?a'.?n'.f«'.?c',.‘a':'a,’:,A_’:,'a'.?c’:!v:'c'f!a’:."'!.‘d':’c':,’c'.’,'a':ﬁ’!?c'!?;':?:915’!':if':'!%'f*:'g“

integrate and enhance sensor performance is considered important Yo
achieving the requirements of wide area coverage for low observable
surveillance.

BATTLE IMANAGEMENT/C3 -~ This area includes C2, communications, and
infeil igence. Specific rsearch areas include. but are not limited tc.
functional auagmentation of the present CZ2 system to meet AD! defense
capabilities, survivable multi-media communications, decision support
software (i.e. expert/knowledge-based systems, artificial intelligence)
and intelligence concepts/systems. The C2 component integrates the
surveillance component and provides direction fo the engagement
component,

POINT OF CONTACT

Mrs. Florence Winter
RADC/XPX

Griffiss AF8 MNY 13441-5700
(315) 330-3046
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TPO-4, TITLE: TECHNOLOGY

This Technology Planning Objective (TPQ) is the technology foundation fcr
future solutions to problems within the Air Force C31 mission. Though
the M"ilities" may have direct system application, they are reported in
this TPO because of the breadth of their usage. There is concerted
effort on the part of management to insure that there is continual crcss
fertilization between the thrusts in TP0O-4 &and the other TPOs. As
technoiogies in TPO-4 mature, they are transitioned into the application
oriented TPOs.

TPO-4 is comprised of +two Technology Areas - C3 and Computational
Sciences. There are eight thrusts within the the C3 Technology Area,
representative of the technical fields of the Center mission

directorates. There are three thrusts within the Computational Sciences
Technclogy Area. The majority of the work identified in +this TPO is
Exploratory Development directed at performing studies, experiments and
demonstrations fto further the body of technical knowiedge.

VEILLAMCE - thrust contains two basic techroloay subthrusts; Sianal
Processina  and Signal Generation and Control. These +technoloay
subthrusts form the foundation for future capabilities.

SIGNAL PROCESSING - Signal Processing has the primary objective of
previding the hiaghest probability of detection in a ftime varying
envircnment containing natural and man made inferference while
simui taneousiy minimizing false alarms. Signal processing techniques are
made adaptive so that they are self optimizing in this type environment.
With the recent advances in device technology and real time prccessing
algorithms, the signal processina program [s oriented heavily toward
actual reducticn to practice and experimental evaluation In an actual RF
env ironment, Polarization Algorithm/Experiments will provide an
extensive evaluation of several potential discrimination algorithms and
will also provide much needed experimental data on +the polarization
signature on a variety of target types as well as cround clutter, weather
ctutter and chaff. The optimum modulation/filter will be determined from
an assessment of polarimetric processinc for the optimum ftransmit/receive
respocnse for target detection and estimation over a fwo channel radar
system.

Performance Limitation Studies have been initiated +o update the
diagnostic tools to determine the figure of merit for advanced radar
systems as affected by the errors and | imitations of a system's operating
parameters, A wide range of system factors such as synchrcnization, time
and frequency instability, A/D conversion, dynamic range and netting are
some of the mcre immediate issues.

The recent developments in distributed processinag, device +echnoiooay
{VHSIC} and hich orcer lanauaces have been used in the desion of the
Sianal Procc2ssor fcr E3A/AASR 1o achieve hiah throuohput, increased
reliability. reduced maintenance anc |ife cycle costs. The Sianal
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;&: Processing Program will evaluete and utilize the very latest device and
?ﬁ: algorithm ftechnology (i.e., VHSIC, Al, etc) to develcp and demonstrate
qdﬁ new fault tolerent signal processors to meet comple:t clutter and ECH
oy enviornment senscr requirements. Emphasis is placed on the detecticn of
! low observeble tfargets in several natural and man-made e!ectromaanetic
ff, ' environments. Processing architecture fechnologies zre being develcped
t*ﬁ to infegrate systolic processors and general purpose signal processors
:'i with solid state +transmit/receive modules to meet the requirements of
:~¢ future multispectral sensors. Knowledge based processing which
Mo integrates signal and tracking processing into a powerful adaptive multi
') domain processing sensor is the major pressing thrust. This algorithm
B will be demonstrated using field coilected data from experimental and
gﬁ% opereational surveillance sensors.
¢
sgk SIGNAL GEMNERATION AND CONTROL - The Signal Generation and Control
W subthrust is =aimed at developing and demonstrating affordable, high
( signal fidelity transmit/receive modules for ground, airborne and space
%‘y surveillance systems. Emphasis 1is on small size and |ight veight for
nQQi wide band, high dynamic range analog and digitel signal interfaces. A
o second major initiative is the development of hich efficient mill imeter
e wave TITs o support space communication as well as advance low
&, temperature cathodes to improve TUT [ife. Air Force surveiilance systems
@ require increased capability to detect and tract very small targets in
N clutter. Airborne and space systems have an additional requirement for
hs small size anc weight and increased efficiency " to meet platform
;5;: configuraticns. Emphasis is on the development cof dual multi band module
A technoiogy which will result in increased detection and tracking
ot capability for small fargets in high clutter environments.
A - Adaptive Solid State "T/R HModule Circuit Technology is being developed
b including improved concepts, control +technigques and validation test
[ procedures to meet ground and airborne surveillance systems. Emphasis is

on the develcpment and demonstration of circuit techniques in [MIC form
L that result in high performance low cost T/R moduies, low cost
’) chip/module integraticn. and automated testing Technigues with

h:? appl icaticns to SBR, AASR and ADI.

¢

:Sf Resecarch is conducted on high current density cathodes where the
e objective is to develop a scientific base for cathode design. Results to
Nors date include identification of a strong metal-metal bond structure and
N the achievement of lcw temperature emissions.

e

; - COMTUNICATIONS - The Communications thrust supporting C31 is a
W combination of genaric technol cay development  and appl icd
k? telecommunications networks required for effective military Command,
Dy Centrol and Intelligence systems. These develcpments are concerned only
® with the infcrmaTicn “ransport aspects of C31 systems wherein +the
54& information rnust bs transmitted safely through environments rancina from
X local airbases Tthrouch regicnal, theater or woridwide czreas subject to
'z hosTile attack from nctural causes. enemy actions or both, This proaram
KOs, is cerefully structurcd +o apply the omerging clectronic and photonic
:.“ sreczssine  techrolocies o specific preslaem wreas  in Air Ferco C7)
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systems which cannot survive without accurate, *timely and profected
infermation continuousiy +tfransported between its constituent nodes in
sufficient quantity. The subthrusts Adaptive Signal Processing and

Metworkina Technolicgy will be discussed beijcw.

COIMUNICATIONS  SIGMAL PROCESSING -~ An =acgressive, broad-based
technology program provides the supporting base for the specific enduring
communications subthrusts, The communications needed fo enable

implementation of the advanced C3! systems plznned for +the mid-to-late
90s demand advanced technology efforts in signal processinag. The
sel f-adaptive communications terminals necessary Yo profect The radio
communications |inks from enemy inferference in the late 90s networks
must evolve from the Low Probability of Explcitation (LPE) technoloagy
efforts and be implemented with +the Acoustic Charge Transport (ACT)
technology now in early develcopment. Similar network processing efforts
must be developed at the same time To insure that the communicetion [ inks
can be effectively utilized fto form enduring networks that support the
advanced distributed C2 nodes that make up the C31 systems. This
requires continued progress in our current network studies that will lead
to vhe desian of effective knowledge-based manzgement and control systems
oy Tthe lete S0s. An important part of the technclogy edvancements needed

To meet these coals will be furnished by The Photonic applications now in
eariy develcpment. These processor efforts in phased arrays, null
steering and network processors will be necessary fto implement +the very

high capacity systems required {eter on.

STRATEGIC COMMUMICATIOMS METWORKS - The goal is fo improve the
capacity of communicticns and enhance survivability during the most
critical pericds of the battle management, i.e., trans- and post-attack.
the +technolcgical improvements sought provide alfernative survivability
attributes that make it a key area of interest for communications beyond
line of sight. While +this subthrust principally addresses strategic
communications, there ere applications to the tactical theater as well.
Completion cf +the most advanced modem develcped to date will be
demonstrated. This modem, which performs either at high capacin or in
the AJ mode, has been built to be oin for nin compatible with the fuiuwe
HF standard radio (ARC-190). Plans are to begin & test for compatibility
between this modem and +the Govermment~acquired Automatic Channel

Processor, which provides both the automate |ink quality analysis
functicn necessary To improve circuit reliability of the HIF redio and
also provide an AJ hopping capability for the radio. Tests will be

conducted. ground-to-ground &nd ground-fo~air wusina MAC aircraft of
opportunity. Additional ceapability will be added so that demonstration
will show the simultaneous use of planar adaptive antcennas and the HF
modem. Improved communications reliability offsred in & variety of
factical and strategic scenarios is throuch the infelligent control of
existing diverse communications assets. Hultimedia  Survivabifity
Exoeriment =2ffort provides products appliceble to TAC, Air Defense, and
future adaptive planning functicns for SAC. l'eteor burse communications
offers improvements during hich icnospheric gbsorption ovents as well as

inherent oronertias in low probability of intercept (LPI). A number cf
orcoecasion  stucizs  intendcd To cnaracterize links below 300 niles and
32
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‘ﬁ{j modul ation schemes will be evaluated with the objective of developing an
L, enhanced modem design for an order of magnitude improvement in burst
Bt throughput. Results of the Hardened Antenna Technolcgy program will
?ﬁbA provide a design handbook for installers +to wuse in building turied
\ ) antennas in a cost effective manner. The result of this proaram will be
iﬁt; used as a basis for the design of @ hardened antenna for the GWEN system.
.#- The residue from that program, which includes a complete measuring system
ey . for antenna evaluaticn, will be used for en evaluation of specific |low

profile, high angle system for the TACP,

S/ A%

TACTICAL COMMUNICATIONS NETWORKS - The goal is to develop a sensor

‘wrh internetting capability which will provide a communications/processing
g functicen to improve the guality of +the air picture developed by the
h\ﬁ Tactical Air Control System. The first of these efforts, Burst Comm
A Modem, will build and demonstrate the capabilities of a communications
AN processing functin which is Integrated into the radar timeline. The
( i resul ts of this effort will develop a processing capability which can be
; -, added to the existing tactical ground surveillance environment to provide
B\ track correletion and communications interface vetween
; Sﬁ AN/TPS~43E2/ULSA/MCE  environment. Multi-Level  Secure ilulti-tledia
Yy Integrated Service l!ode will be developed in accordance with the
L6 objectives of PT-14, This area will address, through & number of
ol efforts. Tactical M. S gateway tfechnolicgy, Security in a Tactical
e Multi-media fiered Metwork and Internetwork protocol issues. Technoloay
o, base for advanced concepts in AJ/LPl  Air-to-Air/Air-to-Ground
4&% Communictions will be developed. Short range Intra-flight communications
M and possible enhancements to waveforms such as JTIDS will be demonstrated
B during FYB8-89, AFV/AL will be receiving copies of this Advanced
3 Develcpment Hardware for incorporation into their LP! Brassboard program
: o which is an input intc the |ICNIA Advanced Technolicgy Terminal. The
Way second part of this program will be to develop a AJ/LPl Transceiver which
A takes advantage of the performance improvements possible through the use
‘”: of Acoustic Charge Transport Technolcgy (PT-09). The third part of this
P program will be to develop a Tactical Integrated Radio Network which will
:) provide AJ/LP! Line-of-sight and Beyond Line-of-sight lledia Controt,
'u:? Adaptive  Spatial and Temporasl signal processing and mulTiband RF
::: technolcgy. Operation in both classical and innovative freguency
2ﬁj‘ regiments are contemplated. Deceptive C3CM techniques to mask the
ot location of radiating elements through the physical dispersal of antenna
'n. ") elements, and the concomitant reduction of observed signal power from any
. one element will be develcped and demonstrated. Virtual Source
0 Technoleogy will first be investigated +through simuiation and then
e followed by demcnstraticn.
:4$* WORLDW ICS COMMUMICATIONS., The goal is to develop communicaticns
techniques an” technolcgy which will enhance information transport
.'_ connectivity ¢ global scale users. Emphasis is o¢n 1ine Defense
',.::: Communicaticns System (DCS) viz developments supporting security
;‘ " protecrion and internetworkinc., on the 'ILSTAR system via develcpments
‘"h# supporfina airborne icrminal  enhancements and on the Defense Satell itz
o cormunicetions  System  (DSCZ) vie  zdvenced hiah  specd  processor
-’ develcpments. In support »f vhz O0S. FYB9 will sce the cortificaetion of
e
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the luiltiner Gateway, oproviding & multi-level secure internetting
capability. &nd the initiation cf the Survivable Inteagrated

Communications Control capability, intended to prcvide a new restora! and
reconsTitution control capability for Subregional Contreol Facilities and
selected conirol positions in the theater Area Communications Operaticns

Centers, Combining with the development of a true integrated voice and
data “tfransmission capability, these efforts will culminate in the
development of an Advanced Communications MNode, which will provide a

survivable, secure, transportable capability to access and generate
informaticn consistent with any position within the COD hierarchy. Ffor
enhanced airborne MILSTAR tferminals, a fiber optics based capability will
be provided. This has the potential for considerable reduction of EMI
and E!NC problems by being able to distribute the millimeter wave
subsystems thrcouchout the aircraft rather +then being arouped in the
proximiTy of other high power RF sources. A lcng term program aimed at
insertion of MMIC technology enhancements will be initiated. Exploration
will beain into +The possibility of wusing higher millimeter wave
frequencies and into the applicetion of VHSIC 1| for implementing signal
processors. These effcorts will be tied toaether throuah a new, system
oriented. advanced development project which will provide hardware for
tasT and evaluation.

ELECTRCMAGHETICS - The Electromaagnetics thrust will develop tecnnoloagy
for tThe generation, control, processinag and radiation of rf, microweve
an¢ millimeter wave eneragy for C3! systems. An important part of *his

prcaram is +the characterization and development of system desiaon models
for tarcet scattering, around scattering and other forms of surveillance
radar cliutter, and propagation conditions which enable novel! forms of
surveillance and communications. The program is organized around the
major disciplines of ftfaracet and clutter, electromagnetic scatterinn,
monol ithic microwave and mill imeter wave integrated components (MMIC),
antfennas and electromagnetic wave propagation. The scattering area will
provide targe? and clutter models for surveillance radar desian stressinc
bistetics and wide-bandwidths. Array antenna radar cross section
contrcl, and tThe associated problems of radome desian, such as one way

-2 radomes, and near field measurements of scettering will be addressed.
}: The MMIC Component area will provide new, inexpensive components such as
jx phase shifters for surveillance radar and communications systfems.
”;: Special stress will be placed on miilimeter wave components. The
<- technology will emphasize wafer level wunion techniques for providing
2\ digitaily controlled comporents and photonic techniques for new methods
'ﬁ: of sianai ceneration and control, such as laser switched components. The
i; Antennas subthrust stresses Smart Skin structurai antenna techrolcay and
x}: the associated control technology for extremely targe, flexible
m:~ distributed arrays. This technoloqy is essential for nulti-function,

multi-frequency digital beamfcrmed antennas capable of adaptive radar.
€Sl and communications. EHF monolithic array technology will build upon

Wiy @

. near term <cevelopments in hybrid scannina fechniques and be used in
e MILSTAR aircraft +ferminals and space communications systems, These
\j- arrzvs  form 2 unique union of printed circuit and monol ithic component
:;: Techrolccics. The Propecaticn area prcvides characterization and system
.r desitn models for new HF |ona ranqe radar and cemmunications andg
ﬁi-'.
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K microvave/mill imeter wave communicaticns systems. An example is

“4 ionospheric ductinag for providing long range surveillance of missile

K launches.  Submillimeter or Terazhertz systems cmploving new hiah !
'&{ temperature superconducting materials will be developed for space radar

\f and communications.

[

ﬁ; Antennas - The goal of +the antenna subthrust is to develop a

:y technology base applicable fo ground, zirborne and space based radar and

(. communications antenna systems. Empheasis is on advenced phased array and

th multiple beam antennas. Technology areas range from fundamental

1 developments such as broadband and multi-band apertures and low sidelobe
feed technology to advanced control methods in support of fully adaptive
::' arrays. An important arowing area is the development of tfechnology for
) advanced airborne conformal, mul ti-frequency, mul ti-function arrays. At
[ UHF and SHF frequencies, Project Forecast |l Smart Skins Programs address
A the development of large, conformal airborne arrays and the contrcl and
distribution of RF energy for these arrays. Longer range efforts under
Smart Skins will address advanced concepts for array 'self-heal ing". At
EHF frequencies, developments are dominated by the high technolocy tasks
of integratina array elements, rf, dc a&and contrel circuitry into
monol i Thic Ysubarrays" that include a number of elements. ampiifiers and
phase shifters on monolithic gallium arsenide substrates. Project
Forecast =ffort PT-15 "Adaptive Control of Ultrae=-Large Arrays,”" is
demonstrating computer controifed beamforming Technigues for transmit
arrays, techniques for reducing the processing time for adaptive
beamforming in receive arrays, self-coherina technicues in larce
distributed arrays and array self surveying fechniques.

P ETI Y
AL RSN PR b

P ST
Luie
L 2ot e
% %t

Components - The components suybthrust furthers development in the
areas of new microwave/millimeter wave components which are critical to
the cperation of C31 ystems. These include phase shifters and time

PR ".’.

3! defay unifts which limit +the affordability of wideband phased array
’j antennas. GaAs components technology will be developed to reduce the
W size anc¢ cost of frequency synthesizers. Digital and analog circuits
8 will be combined with opfical circuits on the same chip *to meet the
o objectives of PT-10, "iafer Level Union" and prcvide photonic controlled
", cocmponents., The impact of hioh “femperature superconductivity for
;2 lowering The loss of 'MICs will be assessed.
44
: MIC phase shifters are required for reliable, affordable phased array
° antennas in both surveillance and communication systems. These phase
20 shifters offer <small size and zero insertion lcss independent of phase
K settina. Frequency synthesizers capable of rapidly hopping over a wide
f{ range of microwave frequencies are being developed using advances in low
3 foss bulk overtone ecoustic resonater technology.
i Al

® Scattering - The aoal of the Efectromaanetic Scattering subthrust is
3 to develop new analytic metheds for the determination cof electromzanetic
- scattering from terrain and cther forms of microwave and mill imeter wave
" clutter. Measurements and supportinag analyses  cof clutter,
i glectronaanetic forearound effects, and related envircamental <catterina
4: are 52in¢ serformea, Strcss is beina pleced on »istatic and
@
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:x%: wide~bandwidth effecTs. Techniques fo analyze. measure and mode'l
:;%g scattering from <complex structures including lossy materials, frequency
AR selective surfaces, antfennas and radomes are beinqg deveioped. Antennas
¥ and radomes with reduced scattering crcss section to preserve platform
2 low observable capabiiities are also beina developed under this
hé. subthrust. The main emphasis is on the scattering phenomena from shaped
S targets made of lossy absorbers designated as !low observables, on
: scattering from both airborne and ground based antennas, on problems of
:“ﬁ The physical environment, and on the implications of these phenomena for
KD radar detection.
t
%u In the electromagnetics of scatfering from lossy dielectric materials,
:ﬁ, analytic and numerical calculations, plus experimental measurements are
.ﬁ&v applied To the problem of detection of |ow observables. A data base of
f monostatic and bistatic scatterina properties is urgently needed for
Yy radar system detection and tracking of low observables. An analytical
L‘. effort to develop models of scattering from rough surfaces for a variety
},} of terrain types. to make measurements to provide cal ibrated clutter data
R for a data base fo use in detection, and to verify model predictions,
; Jﬁ addresses the degradation of radar performance in detectinag and tracking
> %4 low observable, low altitude taraets due to both clutter and multiosath.
R A prcgram To reduce antenna cross sections while preserving antenna
' performance is continuing. The characterization of physical terrain
;:r permits the calculation of multipath reflections and their effects on
l radar performance and allows scatterina models and oprediction of
zﬁi multipath and clutter in real time to bte achieved.
DA
:* Propagation - The Propagation subthrust consists of investications
. that are directed toward overcoming the |Jimitations imposed by the
fﬁr' troposphere on microwave and millimeter wave systems, and the effect of
ﬁ? the ionosphere on OTH radars and communications systems. Emphesis is
K0 pltaced on the exploitation of icnospheric ducting for long range
K> surveillance and ionospheric |imitations on advanced OTH systems. The
o work includes investigations on  ferahertz technology, including
:) superconducting sources, detectors and radiators for millimeter and
22 submil| imeter wave sensors.
Yo
;?. Low Frequency cfforts assess propagation during disturbed ionospheric
?sF: conditions and include an investigation of the survivability and jamminag
LaN vulnerability of LF siagnals radiated from aircraft. Previously specified
e high-al titude propagation parameters are being applied to propagation
N j mcdels for the evaluation of communication reliability and survivability.
4; ) HF Survivable Communications is receivina increassd emphasis with efforts
e addressing high-alTitude survivability end wideband avaitability. In the
_w} VHF spectrum, the survivability and availatility of meteor burst
‘ oropagation is being investigated. SHF/EHF Propaaation Prcarams are
g; beinrng ccnducted to determine the |imitations imposed by the froposphere
) on micrcwave cnd  millimeter wave C3 systems. Thecretical and
«? : experimental work is proceeding to improve +tfroposcatter models and to
¥$} investicate frequency dependency troposcatter.
i

AL Propecetion work in  the arne of curveillance involves the detection of




N,

:?f; taragets by means of Ei radiation in the radio portion of the spectrum
! '3 from VLF  throuagh microwave frequencies with emphasis in HF,
; ‘: Characterization cf ionospheric clutter and its suppression for increased
L effectiveness or OTH readar systems are beina pursued. Spatial and
i temporel statistical properties of auroral radar scatter ere beinag
¢Q$i ) measured with the aim of develcping adaptive clutter rejection
:'*& techniques.

K)

ﬁg& SOLID STATE SCIENCES - The Solid State Sciences +thrust provides for
11N} developing the technology necessary for signal processina devices,
D) electro-optical devices, electromagnetic device materials, and
Al electromaanetic radietion hardening of devices for present and future
o : electronic C3| systems.

00

ﬁs Components such as short cavity lasers, quantum well bases, low loss
ik fibers, and modulators that operate at very high modulator rates are
r being developed for future military fiber optic systems. High opurity
J ;j materials with tailored properties such as aquartz, indium phosophide and
::ﬁ: its alloys and fluoride glasses are developed for application to time and
‘xix frequency devices. Signal processing and sensing devices developed will
:té: lead fo more capable battiefield sensors and space object detection
e systems with reduced cost of ownership. Research in radiation hardening
® of devices and components will ensure C31 mission sources in nuclear and
535‘ space environments.

?g: SIGNAL PROCESSING DEVICES ~ The Siagnal Processing Devices subthrust
.5 A is directed towards the development of advanced infrared imagina sensors
Eus fcr C31 systems. The qoals of +this subthrust is to develop new IR
! surveillance sensors. Current silicide arrays have useable spectral
;ﬁk’ response between 1 and 5.7 microns wavelength. The principlie silicide
ﬁdﬁ' detector is a platinum silicide Schottky diode on p~type silicon. This
1$rf effort is directed towards improving the emission efficiency of P+Si and
b towards extending silicide sensor photoresponse into the LWIR spectrum
A between 8 and 20 microns. Most infrared systems are based on small
f) detector arrays {60 to 1000 detectors) which require mechanical scanning
Eﬁ? for imaging or for wide field surveillance. This effort takes zdvantage
shf of the high producibility of silicide devices tc realize very larce IR
LY focal plane arrays, 250,000 to 300,000 detectors per chip in FY89 and up
:fﬂ; to 1,000,000 detectors per chip in FY91. These arrays will prcvide the
Wy basis for high definition staring surveillance sensors and FLIRS and
o "strap-down" seekers for cuided missiies. RADC and AFWAL are conducting
*#g year round/day night tests of both silicide and conventional IR imaqina
33- systems. To date, these tests have shown MW IR thermal. imagery, fully
ﬁﬂ:: comperable with that of the LWIR band. Silicide sensors have resolved
g$~: thermel detail with differences as small as 0,02C. Importent <target
e sianature data has been observed using silicide sensors in the IN'VIR band.
®

o ELECTRC-OPTICAL  DEVICES - The goal of this subthrust is to
25 investicate and develop Photonic device and device processina
;?{: technolocies. Silicon weveguide devices, surface emittinag |asers and
Lo indium phosphide oroccessina technoloaies are to be included. Hiah
‘G modulcticon r2Te lesers are to be developed to control phase arreavs and
@ .
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K. PHMIC circuits. Optical fiber delay lines will be developed as broadband
{ﬁ{ signal processing c¢lements. Photorefractive and non-linear optical
b, materials will be developed for spatial tight modulator and four wave
o0 mixing media. Adaptive optical correlator will use phase only filters.
r Real time optical processor will be developed for pattern recognition.

.;ﬂ""

o ELECTROI'AGNETIC NMATERIALS - The goal of this subthrust is to develcp
ﬁﬂ high purity, low dislocation single crystals 7 - reeoo substrates in
gq The preparation of epitaxial ane ultrastructure tvpe layers for use in
o} chotonic zopplications and microwave devices. High quality quartz has
) been develcped with improved radiztion hardness for advanced (31
g frequency and timing devices. Mew possible superconducting materials
ﬁ{f will be investigated for use in high speed (terahertz) devices. Heavy
ﬁﬁ_ metal fluoride glasses will be fabricated and evaluated as radiaticn hard
%R- IR fibers and non-iinear materials for photonic devices. Large glass

i mirrors are being fabricated for SDi applicaticns.

DEVICE RADIATION  HARDEMING - The Device Radiation Hardening

‘.zé Subthrust supports the develcpment of a radiation-hardened electronic
$a¢ technology base and provides technology assessments to AF system offices.
Lo The program in this subthrust is centered around LSI memories and digital
b3 fogic circuits. Radiation induced failure modes are identified to
@ support the hardening program and fo provide data on advanced Technoloay
L To  SPOs. Demonstration circuits hardened to safellife radieticn
::%: specification levels will be fabricated and tested to show progress and
‘*3: prove the compatibility of bhardening techniques used with standard
%z{ circuit fabrication methods.

N

r INTELL IGENCE - The Intelligence thrust is broken into five subthrusts.
gﬂs They are wideband recording, speech processing, knowledge based intel
) systems and C3| data base fechnologies are required for the timely
¥

Lo

processing, storage, retrieval and dissemination of extremely high volume

25

e and data rate digital information.

N

D) W IDEBAND RECORDING - The wideband recording subthrust wiil develcp
QR the necessary technology base for +the +timely recording, storage and
? ) retrieval of high data rate, farge volume intelligence  data.
:Wﬁ Pultidisciplined approaches are being explcited to meet the continuing
0#2 explcsicn of data being generated by advanced sensors in both Tactical
'bba and Strategic Intelligence missions. A three dimensional, photon gated
L] memory approach is being exploited to provide micro to pico second access
ﬁﬂ‘ to over 10 trillion bytes of on-line storage al! housed into a 10 cubic
4«“ centimeter photopoiymer storage block., Optical digital disk technolcay
ﬁﬁ& will be Transitioned into a 6.3 program to provide a suite of optical
kY disk ceapabilities fcr airbecrne applications. The 'Yideband recording sub
":." thrust will continue the 6.3 Tactical Optical Disk (TODS) project in FY38
!L_ to provide en inteagrated suite of +transportable digital optical disk
XS systems +hat wili oxploit for the first time an erasable, 300 megabyte 5
o, 1/4 inch disk, & 5 gigabyte 14 inch disk and a 30 gigebyte nmnini-jukebox
o to  li1-E-3400 Specificeticns. Under the 6.2 program, technolcay
\1{ verificeticns cf maagnet-coptic tape systems and wideband sincle
.;{p dimensicnal  Spatiel Liaht Tcdulators witl De demonsirated. ith thc
s
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0 recent emphasis Towards Photonics in FY89-92, +this thrust will initizate
2*' technology develcpments in 3-dimensicnal optical memories, optical cache
;Q. : memories, and a hierarchy of memory devices for optical signal processing
"y for cptical computing applications.
snv. SPEECH  PROCESSIMG - The  Speech Processing R&D program s
;?J concentrated in three major technology areas: MNarrowband Communications,
:4* Data Entry/Control and  Speech Enhancement. In the narrowband
.?k ' communications area, technology is being developed to provide
) Jam=resistant communications that is from 10 fc 100 times more difficult
V) to jam than current communications systems. Technology in the Data
iiﬁ, Entry/Control area, will solve man-machine interface problems for
it existing COMINT and battliefield management stations and for future
:; systems such &s the FORECAST Il Super Cockpit and Battle !lanagement
5&' Processing and Display Systems. The Speech Enhancement  area is
W addressing contaminated and degraded speech which is a major problem in
H voice transmissicn and reception.
!;q"l
ﬁa: KMOVLEDGE BASED INTELL IGEMCE SYSTE!S ~ This subthrust will develop
s \ and demonstrate advanced knowledge based systems for the purpose of
nﬁ& monitoring, fracking and identifying foreign space |launches prior to
e orpital injection. Efforts inciude knowledge acquisition, knowledge
® based development, calls to conventional application programs and
W man-machine interfaces. Technolcgy developments include know!edge based
,{) inferencing, data processing, multiple data analysis, real Time
B processing, advanced design concept and demonstraticn. In this area,
e developments will be directed to study, demonstrate, and prove
V>, appl ication feasibility of the knowledge-based systems techncicgy to aid
! the intelligence analytical process. In addition, emphasis will be
N placed in Artificial Intelligence ftechnology deficient areas or emerging
k) areas, as initial application technoicgy matures. In the area of
X 2 Artificial Intell igence, +techniques such as knowledge ecquisition,
353 knowledge representation, and knowledge engineering will be applied +to
e operational functions such as space/missile foreign launch assessment,
i}‘ space object analysis, and long range air assessments. integraticn and
0 evaluation of the Infelligent Analyst System {(version 2), development
o~ components will begin. [n the FY88-91 time freme, technology issues will
;,ﬁ address generic shell architectures for systems, new alcorithms for
:”: natural language data base generaticn, and the investigation of neural
Knt networks  for innovative learning in the intelligence assessment
® environment,
o
R C31 DATABASE TECHNOLOGIES - This subthrust arez involves the
a devetcpment cf technologcy *to improve database responsiveness, sase of
19a! use, administration, knowledge base interaction, and interoperability.
?*. Adveances in object oriented data base techniques, informaticn resource
@ dicticnary systems, artificial intelligence, event and concept +tracking,
& and data flow architectures are rapidiy changing the role, architecturs
:‘A and functicnzal ity of the database. 'lork will continue in the key ereas
e of datebase generaticn. database interoperability, database/knowledae
: g bese intercperability, informaticn securi Ty, and infcrmation
” represantaticn.,
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ﬁﬁ Current efforts demonstrate domain dependent feasibility in the specific
‘\d} areas of space foreign launch, long range air, and JINTACCS. Technol ogy
el devel cpment include extending the software baseline (confrol and
! man-machine interface) fo become domain independent so that all types of
5&" messages can be processed.
)
323: RELIABILITY & COMPATIBILITY - The Reliability and Compatibility Thrust is
ﬁ.' divided into two subthrusts: Solid State Devices and Equipment/Systems.
ity The Solid State Devices subthrust develops quality and reliability
D) assurance techniques for very large scale Integrated Circuits (VLSIC) and
; 3’ Monol ithic HMicrowave Integrated Circuits (MMIC) as well as improved
Ny electrical test procedures. The technolcgy to assure the availability of
Al reliable solid state devices for Air Force and DOD electronic systems
- (i.e, Advanced Technical Surveillance Radar, Advanced Airborne
ﬂﬁ__ Surveillance Radar, Space Based Radar, etc) is also being develcped in
{ this subthrust. The Equipment/Systems subthrust develops reliability,
:’\j maintainability and testability techniques for the development of
'&t{ milifary systems with improved operational readiness and supportability.
)ﬁ»* Areas of emphasis include The utilization of computers to testability
,-'3 (CADBIT), application of artificial intelligence techniques to system

% maintenance (SMARTBIT) and deveiopment of techniques +o improve system
‘:' diagnostics and faifure prediction (Time Stress fieasurement Device).

»

E SOLID STATE DEVICES ~ The Solid State Devices Subthrust is divided

N into two areas: the first being concerned primarily with complex silicon
g VLS|, mainly digital devices, and the second concerned primarily with
; £ gallium arsenide microwave solid state devices applied to microwave T/R

‘ modules, communications, etc. The first area, ORA +tfechniques and

?“? testability, involves the assurance technology of complex VLSI/VHSIC from
?gﬂ the establ ishment of standard test methods, physical and electrical, new
Iﬁ:% qualification methods, improved testability employing built-in test at
;o' the device level, improved sc¢reening methods, failure mechanisms studies,
! etc, which are applicable to PF Il, PT 48 and PT 11. There is a need to
':)" increase the sensitivify and accuracy of our present and new analytical
) techniques for zssessing the long term reliability potential of these
.hﬂ devices. ‘lork in wafer scale integraficn, relicbility will concentrate
&b on evaluating *the packaging technologies essential for packaging five
;Qu* inch diameter wafers conftaining potentially millions of transistors. The
dalels second area involving microwave solid state devices continues to evaluate
;Q,. integrated monolithic gallium arsenide modules including reliability
AN evaluation, standard test methods, qualificaticn methods, and supports
'y both SDI and IMIC procrams. The reliability and perfcrmance evaluation
.33: of HENMT (Hi Electron ilobility Transistor) devices will continue.

-" !
."2 EQUIPHENT/SYSTE!'S =~ In the Reliability/ilzintainability/Testabil ity
- desicn grea, Hardware/Scfiware System Reliability Prediction and
v Assessment will fill +the void in the +technolcay for assessina the
:u \ reliability of AF systems containing both hardyare and softweare. The
K, results will provide relicbility cnatyst system develcpers with &
:& i cepability o specify, sredict znd control The religbility of combined
s ¥ hardwers/sofwers systems. ATE Expert System Technelcoy. will use exporT
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system and artificial intelligence techniques +o automate the ceneration
of automatic test equipment (ATE) software. Payoffs will include
increased operational readiness (from increased availability of spare
parts) and reduced maintenance costs. In the Logcistics RD area, four
existing efforts will be continued. These include HMarginal Checking,
Testability Encyclopedia | and |1 and Computer-~Aided Tailoring Software
Program. |In the area of SMART BIT, an effort to increase the performance
of Built-In-Test (BIT) relative to false alarms and intermittent faults,

including 2 laboratory demonstration, will be continued. |In addition, =
acw  contractuei s.art, ZMART 2iT Technology Assessment, will provide ihe
capability to properly assess the compatibility and utility of advanced
BIT and TSMD (Time Stress Measurement Device) technoloocies will be
investicated. In the area of TSMD, funding will continue +the prccram

underway to develop a TSHD module, flight test it and attempt +o
correlate failure data with accumulated stress history. A follow-on
program to miniaturize the TSMD module +to the size of an integrated
circuit package has been proposed under the RAMTIP Program (Reliability
and Maintainabil ity Technology Transition Program).

COMIAND AND CONTRCL TECHNCLOGY ~ The Command and Control Thrust has two
subthrust areas entitled Advanced C2 Environemnt and C2 Technolocy Lab.
The overall objective of these subthrusts is to develop. systems That
automate and streamline the Command and Control process.

ADVANCED COMMAND AND CONTROL ENVIRONMENT - The Workstation
Development and Demonstration effort will examine the architecture and
framework cf the Battle Management VWorkstation of the 1995+ +timeframe.
It began (FY87) with an in-house analysis to identify potential areas of
interest and problems in preparation for the contractual phase of the
effort. The primery output of the contractual phase will be a technical
report laying out possible future architectures and technology paths +to
follow to achieve those architectures. Demonstrations of same features
of the proposed workstation architectures will be accomplished. These
architectures will be transitioned to the Workstation Prototype.

a. The V‘lorkstation Advenced Techniques effort will examine near
term deveiopments to enhance workstation capabilities. specifically
fccusing on display techniques such as 3-D displays. This effort will go
beyond the traditional view of using 3-D fo show spatial data and examine
the use of 3-D to display other types of data, improving the assimilation

of the data. The final product of +this effort will be a delivered
demonstration of the effectiveness of a 3-D display system to the battie
commander. Use of these advanced techniques will be incorporated in the

Yorkstation Development and Demonstration and transitioned to The
Adaptive Interfeaces,

b. The Yorkstation Prctotvpe effort is to intearate qeneric
workstation Technoicgies intc a hardware environment in which TADC can
e:xplore the syneraistic effects of multiple C2 technologies. This effort
is being oursued in-hcuse +O intearate new technologices into the
prototype as they became available. The results of this effert will be
used to imprcve the CCTL environment and as backaground for the 21st
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ser Century TACS. A second generation workstation environment (Advanced
«a‘ Development lodel) will be developed using the result of this end other
$?? efforts.
LA,
‘ c. The Adaptive Interfaces effort will explore user interfaces
A that can adapt themselves to a particular user. Using expert systems and
:bs Al learning Technologies, +this effort will examine the use of
oy interactively modified user templates that react to user, level of
:h. command, Ttask, and context in order to provide the appropriate
’ﬂzﬂ informaiion  in  tThe proper format. The zdzrvive interface technigues
(;) developed will be integrated into the workstation prototype.
e
ﬁf: d. The Holography Technology effort will produce a demonstration
}p¥: of the wuse of holography in a battle management situation., The effort
u:, consists of the development of improved holographic display “echnology,
2@' providing a final demonstration of +the technoiogy. This work will
1“;‘ ultimately become part of the Vlorkstation Prototype.
W
.ﬁ@: e. The High Resolution Flat panel effort will investigate the
ﬂaf technology needed to expand the size of high resolution flat panel
Q\.ﬁ displays. Current technolcgy has produced very high resolution displays,
LR but of small size (5" x 5"). Ultimately the developed display will be
o deiivered to RADC for integration in the ‘'orkstaticn Profotype.
i
;jzj f. The Pi{an Analysis effort will use Knowledge Based +echniaues
v;Qe tfo develop & system that is capable of analyzing enemy intentions based
,j@ on such things as troop movement, known enemy doctrine, enemy and
g friendly strengths and weaknesses, etc. The demonstration resulting from
2 ‘ this effort will be included in the Advanced Development llodel.
Ny
?C;? g. The Voice Input/Qutput effort will combire existing naturel
}}i language techniques with existing voice recogniticn capabilities to
Sk produce an interface that responds to spoken commands. Both input and
o output will be examined. This capability will be integrated into the
D Advanced Develcpment todel.
vl
ﬁ\y h. The Cisvributed YYargaming effort will look at the feasibility
,‘,§ of using distributed systems technology and distributed Al technology to
'$~J build an Al based, distributed wargaming capability. This ability will
B\ allow commanders to participate in war gemes from their home station,
® performing their normal battle management tasks, and running the results
{QE against a faster than real time, intelligent simulaticn. Going beyond
ﬁﬁ%r that, -this capsbility will allow commanders in wartime to construct their
g;: pfens at g¢eoagraphically distributed, survivable lccations and test them
%zﬁ for effectiveness using the faster Than real time simulaticn.
e Distributed warcaming will ve incorporated info the Advanced Development
'odef .
N
N i. The Disfributed Processing Security effort will develcp new
et techriques for waintainina security of information on a distribution
100 proczssing systen., [+ will result in 2 demonstration of & distributed,
AT secure cperatinag svstem for inclusicn in the Advenced Cevelcopnent ''odel.
11;5
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ﬂﬁ: Je The Advanced Develcpment Model effort will combine past and
ﬁ. present efforts into a sinqle, integrated environment. The revolutionary
}ys aspect of this effort will produce & highly advanced workstation
3 environment sianificantly ahead of other contemporary wcrkstations. The
e ’ evolutionary aspect of +this effort will allow it fo incorporate new
:éa developmnts as they become available, making it a testbed for new
4, workstation +technologies. This work will eventually transition to the
$, : Advanced C31 Workstation.

¥

33 C2 TECHNOLOGY LAB - The Command and Control Technology Leboratory
A (C2TL) provides the necessary facilities to host numerous research and
#l' development projects addressing C2 operational deficiencies and future
W& requirements. In addition, it is +the key node for electrically
:pg' connecting together Center wide laboratory assets to more effectively
ol demonstrate the wutility of C31 technology products to the user. The
{ funding profile associated with the C2TL Faciiity Support Iline prevides
pt resources for maintenance of ADPE hardware and software systems within
i: the Laboratory to support the above processes. The C2TL will play a
ij major role in the following technoiogy work.
:" a. DECISIOM AIDS. Under Decision Aids, technology resulting from
® previous AFOSR and DARPA supported work is beina applied in The TEMPLER
{# (Tectical Expert Mission Planner) program. The TEMPLAR program is
49 providing incremental prototypes to HO TAC with the final product a
ﬁ robust mission planning support tool with real world data/communication
TN interfaces. The C3CM aid which supports Electronic Combat planning wiil
W be transitloned along with TEMPLAR into the Tactical Air Command's
’ Contingency TACS Automated Planning System (CTAPS). The /fdvanced
“ Planning System (APS) will allow the advanced capabilities of TEMPLAR and
:g‘ C3CH to transition into the evolving TACS in FY90. The Advanced Analysis
5 Aids prcagram includes follow-on developments from earlier 6.2 efforts and
W will produce aids such as the Identification of Command Control
e Cperations Nodes (ICON) and Expert System for Air Order of Battle Update
D) (ESAU)., These programs are also test cases in response to an Electronic
. Systems Division request to examine the feasibility of direct transfer to
~ a user of a 6.3 software product. The Advanced TACC development of the
.f: technology baseline for a futuristic (year 2010) TACC program will
;; provide the means tc apply advanced concepts to the development of the

- technology baseline for & futuristic (year 2010) TACC offerina major
® improvements in operational effectiveness. The ATACC wili employ a
4% decision aided, modular netted system approach aimed at a Kernel TACC of
:ﬁq about 20 people. The Adaptable Expert Aid will take advantage of
LV capabilities from both +the RADC decision aids efforts and a proposed
H\ Joint Service program under the Joint Directors of Laboratories which
:ﬁ will provide the capability fcr an aiding structure which is responsive
Y to changinc users, doctrine, scenarios, etc. and allows adaptetion +to
T change versus the somewhet static structure found today. The Decision
%ﬁ} Aid Develcpment Support Environment (DADSE) will provide the standards.
,,{ tcols. herdware/software environment +o support future decisicn aid

development ind evaluation which <clliows iterative on-aoina user

§ interecticns. Graphic Systems Representations (GSR) will orovide a
@ .
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framework which can be used fcr the development of standard advanced
araphics/pictorial capzbilities in work stations used for implementing

our future decision e2ids. This program will also support the Project
Forecast Advanced Processing and Display Program (APADP). The
Man-Machine Integrated liodel (MMIM) program will extend cepabiiifies from

GSR, the RADC/DARPA Integrated Multimedia Interface program, the APADP
and Army programs in analytic graphics into a standard moduler approach
for Man/Machine interaction. The Advanced "Ml will develop the prototype
capabil ity which will support follcw-on system needs. The Heuristic
Route OUptimization <(HERO) prcgram orfers a new approach for route
planning Through a high threat environment that digresses from +he
current dynamic programming—-oriented appraoch To an artificial
inteliigence-oriented system. The Dynamic Aiding program will provide
the basis for incorporating the GSR, Ml and HERO work into The design of
advanced aiding capabilities which can also utilize realtime simulation.

b. DISTRIBUTED SYSTEMS/DATABASES - Vork in this area includes a
CZ2 Functional Analysis which represents function=! znalysis efforts that

will document the functions performed, and information flow which occurs
within the Tactical Air Control System (TACS). The information developed
will be incorporated into an automated system requirements definition

system that can be wused To support the design of a functionally
distributed TACS. A Disfributed Elements Design (operations moduie with

ADPE supporT) wil! support the functional distributicon and physical
dispersion requirements of the Twenty First Century TACS. This effort
will focus on functional design and infegraticn of modular hardware 2nd
software components rather than a specific hardware systems design. VYork
will also include Distributed C2 Environment/Data Base Management System
(DBINS), and Survivable Tactical C3 Testbed initiatives which will develop
and integrate hardware and sofiware products to demonstrate the

feasibility and supportebility of a distributed Tactical C2 System wusing
distributed relational databases, and existing tactical communications.
A System Control Software effort wil! identify and develop capabilities
required to insure distributed databases based on commercial Database
llanagement Systems, and Operating Systems provide the required
capabilities The support software must insure multiple copies of data
maintained at dispersed C2 elements remains consistent, prcper data
access control can be maintained, and functional migraticn (a capabiiity
to move & functicn from one facility to an alternate, or +to duplicate
that function at another facility) can be supported.

Scenaric Generator Design, and Scenario Generator Cevelopment efforts
will design and develcp a2 scenario generation and modeling capability
that will ©bDe required to demonstrate, test, and evaluate the prototype
functicnally distributed, physically dispersed, and highly automated 21st
Century Tactical C2Z System. DoD investment in existing modeling and
simulation systems will be evaluated as the requirements are better
defined through the desian efforts.

C. STRATEGIC APPLICATIONS -~ The overall cbjective of this arez is
7o develcp anc apply Al besed Adaptive Plannina, Cistributed Information
Processing, and  Survivable Communiceticns technolcgies To0 support
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'*QQ survivable and adaptable SIOP planning in a pre-, trans-, and post attack

.{fhj strategic environment. Joint efforts by RADC, SAC, JSTPS, and DARPA are

! ': being pursued. In addition to the developments being pursued within the

Hhet SAPE program products emerging from ccmpanicn 6.2 and 6.3 efforts will

{ also be utilized.

ey

fy‘n The Distributed Al Planning effort is a technology based program i
f:%‘ to investigate concepts for distributed, cooperating planning agents

WY which are physically dispersed across multiple computers. The effort

PN wiil invesTiyete, in +tThe context of the SAPE application, what are the

(D) interaction paradigms, management of the data, and partitioning of the

b‘*& Tool s.

K

::JQ The SAPE development program is divided info four phases, the

|~J$ first of which will be a multiple award study to perfcrm detailed

analysis and design of the required capability to perform plenning for
Strategic Relocatable Targets (SRT) in a pre attack environment as well

1". -

ﬁw“ as a |limited opticn replan. The phase 2 implementation will develop a
;Qg prototype capability to demonstrate this function. The phase 3 will
AN address the planning for the post attack which will be characterized by
) ptenning with significantly depleted resources in &a sparse processing
iy env ironment. Major technical issues need to be addressed in Al Planning

® tools which can incorporate concepts of ‘uncerfainty management, in

'RrS dynan.cally reconfigurable distributed information processing backbones

%jﬁ and survivable, reconstitutable mult+i media communications.

18 4

f e The testbed will be a physicaliy dispersed set of processing

o clusters at RACC, JSTPS/3SAC, and the contfractors facilities. These

o clusters will be Jinked by & secure packetized network, and eventually be

B a multi media network. The testbed will provide developmental support,

’5: prototype demonstration and evaluation of the technology products. i
-

:;: The Distributed Processing Cluster/DBMS is the ..chnology base '

effcrt which will be tailoring the distributed operating system
functional ity to support the distributed planning tools and the required
database to support them,

U

The {lulti lledia Packetized Mets is the technology base program
which will investigate survivable communications through the use of
adaptable protocols and automatically reconfigurable networks. In this
approach the communications system would select, through an intelligent
controller, alternate transmission media as the system sustained f[oss or
disruption.

;‘i'q

L
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ag PHOTONICS: The Photonics thrust, engaging in research and development of
p the new technology in which light or photons, rather than electrons, are
X used to acquire, fransmit, and process infcrmetion, is comprised of five
'td subthrusts. These subthrusts wili be aimed at fransitioning develcpments
fbp in optical memory, processing, computing, networks, and fransmissicn.
A This will fulfill future Air Force needs for devices that arc smaller,
.;$ liahter in weicht, and fastor then eclectronic devices +hat perform the
v came funcTtion. Since The photonics field is still in ifs infancy. new
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ja* materials, processing Ttechniques, and optics technology offer new
{55 opporTunities to exploit photons to perform functicns currently done with
k 2 electronics.

IBG)

, The Optical Processina subthrust will be developing and utilizing
DA the electro-optical technologies necessary to exploit the inhcerent speed
3N§ of certain optically implemented signal processing functions including
{;: integral transforms, convolution, and correlation. These signal
"?) processing functicns will be employed in SIGINT (Signals Intelligence)
oy detecticn, collection, and processing systems To cxploit tomorrow's
) exotic signals. Téchnology llnITs in ereas such as Bragg Cells, Spatial
:': Ligh+ tlodulators, Detect - Vieitle Solid State Lasers will be
?\5 investicated in terms of +he|r applicebilifty +to ofher greas  of
éﬁ\ electro-optical research besides Optical SIGINT Colfecticn anc
|}@ Processing. Contractual efforts will be used to develop device
p X technolcgy, explore new architectures, and to demonstrate the feasibility
{ of implementing these architectures, Another area within this subthrust

N is Two Oimensional Optical Signal Processing. The objective here is to
-l‘; advence cptical signal processing techniques to information bandwidths of
i*x; 200 tHz +to 1000MHz. Emphasis will be placed on reducing the overall
‘»b( digital information that mnust be anaiyzed by exploiting opTtical
Sy correl ation, auto-correlation techniques. Radar/Communications

o Processing for Phased Arrays 1is- another area within the Optical
{'.‘ Processing subthrust. The objective of this program is to deveiop an
fti optically controlled/implemented phased array antenna system(s) and nul
*:i steering signal processor(s) for radar &and communications systems.
‘2& Additional goals are to implement radio/radar subsystems (e.g. frequency
W synthesizers, mixers, filters, modulators) optically. The objective of
. the Laser Intelligence (LASINT) Program is to develop and utilize the
A electro-optical technologies necessary to detect, collect, and process
Ko emissions from foreign [cw energy l|aser systems and high energy systems,
g4 The primary focus is off-axis detection and collection. Some planned EDM
Lo products include Off-Axis Laser Collection System, MNarrowband Tunable
.3 Filter, and LASINT Recording System.

o The Iiaterials/Devices subthrust will be concentrating on several
oy developments during FY 38 such as low power short (blue) lasers, high
SN modul ation rate laser emitters, high modutation rate external mogulators,
-:ﬂ individually addressable lzser arrays, and monolithic opto-electronic
iy devices. Planned near term products utilizing semiconductor l|asers are a
o Shottky camerz, silicon switches, organic second harmonic generatnr, and
N quantum well |aser.
s.l:|.

?ﬂ' The OGCptical Metworks subthrust will develop an integrated high
;.- capacity photonic network. This network will be distributed, secure and
Jo Y highly surviveble based on extensive interconnections between nodes. The

o network will be rapidly reconfigurablie. Switching and control functicns
s will be distributed. Some characteristics of this network will be that

§ it would have greater than 1000 nodes and would have 1000 independent
O channels. Some planned products are & tunable optical source, an optical
\fﬁ interconnect/switch, a hich density cptical mux/ demux. and &

\ aultivevelencth  cptical  LAN, Cther vwork within this subthrust conters

l
" N
s " 'M s “s’“d' Aﬁ' ‘ﬂ. DA ‘6‘ ‘A' '-'.'4' 's"' Y '. . ..:‘ ‘A'-‘al . !‘4‘.'&‘1' |'. i l'u " p o"‘n'.' .,s‘: "9'8-* Iy n' "t' 'c' ’A X c'.'s', )



oy
L
%
EE? around opTical transmission, which will develop & laser fransmission &and
.yQ reception system that  emphasizes all optical or electo~optic
$H imptementation. The goal within this subthrust is to develop all coptical
'.‘ or hybrid electo-optical fechniques and hardvare demonstrations to
: i advance the state-of-the-art to a fully adaptable., highly reiiable faser
Ah transmission/reception system that can be utilized on a straight forward
:". basis on a variety of platfcrms. Some planned products are &2 narrow
f;; | inewidth source and an optical beam steering system.
O
D The optical computing subthrust will exploit the traditional Von
‘j) Neumann computer 1/0 "bottlieneck." Optical Computing offers the potential
ﬁ ) to reduce the overhead of /0 and data movement instruction by their
g& architectural and device innovation which alters the fraditional Von
. Neumann computer concept. The goal here is to develop optical computing
? systems (architectures) for specific Command and Control applications.
' Efforts will be conducted in areas such as Very Large Data/Knowledge Base

Computing, Optical Meurocomputing, and General Purpose U0igital Optical
Computing. Cne of the planned activities includes the design and

'#

- Y

J‘

5$ implementation of a 16~bit+ programmable central processing unit to serve
o as a working model of an optical computer. Design will be accomplished
dhid in late FY88 and an Explcratory Development liodel (EDHM) in FYJ31. Another
P planned product is the Optical Content Addressable Memory which will
4 zccess memory by its content rather than by its location address. A
Lji feasibility study will be accomplished in early FY89., Design of a Very
N Large Data/Know!ledge Processor with OCAM will be accomplished by mid
! FY91.

'..-t:".
"3 The Photonics in-House Program will be directed primarily at optical

computing/ prccessing and networks. Initial emphasis is to develop and

fna test an optical computer as soon as possible. A "first generation"
}$$ optical computer will be assembled from existing components  and
.ti subsystems. I+ will be tested to determine |imitations so improvements
ﬂ} can be identified. The long term goal is to deveiop an optical computer
L which is competitive with electronic computers in terms of speed and
:)' memory. Near ferm efferts will focus on components required for an
"o optical computer. One of these efforts involves the development of a
hﬂ- model of a bistable non- |inear optical system and fo test and analyze.
;~ the model by observing the response of the system fo time varying inputs.
s&n The in-house program will also involve optical computer system
K development and test. Subsystems of an optical computer, which will be
gg. acquired from companies that have already fabricated them, will be tested
o individually and integrated with other sub-systems and components to form
ﬂa' an optical computer. The in~house program will also incfude. several
o efforts that will be performed under the ultfre fast optical pulsing

system. An example of these are the characterization of photonic davices
and optical pulse compression. llork in these areas would begin in mid
FYB8 and continue into FY90,

:f-‘-

!
t‘d.

CCI'PUTATIOMAL SCIENCES - Computaticnal Science thrust has +three major
subthrusts: Software Engineering, Systems Tochnolcey/DistrioLted System.
ano Artificial Intelligenca/Knowledge Based Systems.
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SOFTVARE ENGINEERING - This subthrust is comprised of three
technology areas- C31 Support Environment, System Definition Technolcay
and Software/System Quality.

The C31 Support Envirconment area is concerned with The
development, exploitaticn and technology transition of improved software
engineering fools and methods. VYork initiated in this area is focused on
the develcopment of an integrated sofiware life cycle support environment
comprised of an interactive, common wuser front end, & project and
comprehensive set of off the shelf toois. The environment can be
tailored to match program size and complexity and will contain numerous
tools which support project management, configuration management, &nd
qual ity assurance. New tools will be added to the environment as *hey
become availabie. Environment Tools Yo assist in sofiware program
management will be develcped to provide visibility into the software (ife
cycle process.

An Advanced Life Cycle Impact Analysis System will enable the
quantification of the impact of change upon cdeployed software systems 3s
well as those under development. Previous Tools directed &t impact

analysis have merely dealt with identifying what portions of the software
are affected oy requirements change, error detection and correcticn,
block upgrades, etc. The objective of this effort is fo assess the
degree of impact due to such modifications. Program managers will bde
able to determine the extent +o¢ which software must be <changed (or
possibly rewritten) +o accommodate new releases and versions and fo
arrive at much more accurate cost estimations.

A Project Management System will enable proaram managers o

" track software |ife cycle progress during development and to match effort

expended against the work breakdown structure, establish and report on

milestone activity, and to conduct critical path analyses. The System

will aiso provide capabilities for software gual ity assurance and quality

controt. The environment supports a multiplicity of high order !anguages
including Ada, FORTRAM, COBOL and JOVIAL.

Exptcratory develcpment in Software Life Cycle Knowledce Based
Enhancements for the Environment itself will define Artificial
Intell igence (Al) enhancements for Environment tailcring and subsetting
for mission specific applicetions. The definiticn of user roles and rule
based approcaches to the man-machine interfece will strengthen Environment
responsiveness and ease of use.

flork is continuing on an Ada Test &nd Verificaticn System
(ATVS), & path festing tool, which will be applied durinc the development
cf and support +to Ada software systems. Mumerous reports will be
provided by the ATVS +fo assess +est coverage, identify performance
sottlenecks, and Yo assist in the analysis of adding new Ada scfiware
mcdules to & sysvem o5 well &s their interfzces bLoth internal and
2xTernel, Advenced Ada proaremming consiructs will be supported by the
ATVS To previde full spectrum softwere analysis.

48
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Other area objectives consist of research and develcpment for
software technolcay to support software implementations on dgistributed
and concurrent systems as well as techniques for +the design of fault
Tolerant software. Increasing wuse of paraillel and concurrent machine
architectures requires new and improved software engineering technology.
An objecvive of this area is 1o examine and develop techniques for
parailel, concurrent, and hybrid architectures for all phases of the life
cycle, An effort *o investigate Software Engineering Techniques for
Non=von MNeumann Architectures will identify critical software engineering
shortfalls and needed capabilities. The out-year program will develop
and demonsfrate applicable tools and methods.

The orderly introduction of Al technology is also being pursued
in this ares outside the purview of the Software Life Cycle Support
Environment, where applicable, and will bridge the gap beTween the
Environment and systems such as the Knowledge Based Software Assistant
(KBSA). The Integration «° Knowledge Based and Conventional Tools will

be pursued such that . wse |ife cycle oriented techniques can be
intfroduced into the enviromn. 2nt or produced on & stand alcne basis. This
effert will provide for the augmentaticn of cenventional scftware
gngineering fcols and methods by knowledge based and expert system
technolcgies which will increase tool «capability and/or coverage.
Furthermore, user experience with such tools and methods will be retained

by The augmented techniques for increasing productivity for {ike or next
system application. Significant improvements in software quality should
be realized by combining conventional approaches which are in use at the
present time with Al based technology to el iminate or alleviate current
sof tware engineering shorifalls.

The System Definition Technology area is concerned with the
definiticn of methodologies and computer based ftools for the =eanalysis,
specification and validaticn of system and software requirements. this
work is organized around the concept of a Very High Level Language
Requirements Environment which is an environment for supporting the
research and develcpment c¢f methods and tools, the application of those
methods and tools to realistic C31 system and software requiremenTs
problems and the evealuation of those methods and tools in terms of the
productivity of the processes invelved and qual ity of the products they
produce.

Current efforts involve +the search and development  of a
requirements analysis and specification method (CORE), and a2 set of
reqguirements validaticn tocls based on rapid protctyping. The
prototyping Tfools wutilize existing graphics packages =z=nd simulaticn
mcdels to quickly build protoctypes of problems frequently encountcred in
the development of C31 systems. They also utilize a very hich level
language To deal with specific algorithmic aspects of thoss systems.

The cngoirg procram to produce @ Rapid Prototypine System (RPS)

will continue into the Regquirements Encireering Jorksteticn Integration

zffcrt wherc the CORE, HLL, and RPS capadbilities will be werced, en

inproved nean-maching intortfece <develcped., anu & scenariz ¢encraticn
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g capability provided to enable the close collaboraticon of the prototyping
- engineer with the missicn user. Specific scenarios which reflect missicn
: domain attributes wili be quickly generated and modified based on user
-~ evaluation and feedback.

¥
"t: Reusable C31 Specifications are being addressed to examine their
S potential for application to other systems. Instead of code reusability
ﬁﬁ (which may not meet performance requirements) the specifications for
;rb similar systems may be decomposed and assessed for reusability of
. specifications which have been verified and val idated under operationai
o conditions. Cost savings and specificatin quality are primary goals of
,?Q: this work.,
b~
;i:j Advanced requirements engineering techniques will be exploited in
Ty the out-year program and integrated, as required, with the mainstream RPS
(‘ ‘ and Requirements Engineering Vorkstation efforts. The Specification
I Tools Environment Integration results will be introduced into the Very
3f{f High Level Lancuage Requirements Environment.
-“;d
df: The Software and System Quality Area is focused on software
152. quai ity specification, measurement and assessment.
3{; One of The principal efforts in +this area is +the Software
§$Q Reliability/Test |Integration techniques which will combine software

testing techniques such as path testing, symbolic execution, and mutation
analysis with reliabitity assessment. The results of this effort will
take the form of a guidebook which will recommend appropriate testing
strategies for improving specific reliability attributes to meet mission
specific objectives.

e

oy
LA
‘:‘v.,'! Iy 1,

“fé

_}3 A modest effort for Software Qual ity Methodology Enhancements will
oy examine the theoretical aspects of software quality metrics and form one
:i:' of the lead in activities for determining Software Quality Effects for
:)' Advanced Architectures such as parallel and highly concurrent processing.
= The software qual ity metrics for this class of architecture will most
?q* probably require new and innovative approaches which relate software
ng aqual ity to performance issues and their {nherent trade-offs.
o
a : The Software Quality Automated Assistant and its planned
‘.“‘ enhancements will provide an expert system based approach to specifying
T software qual ity factors prior to deveiopment and to focus the threshold
b‘v values for These factors on realizable and measurable metrics., The
A artificial intelligence technolcgy embodied in the Assistant will enable
g: procram and software acquisition personnel +to receive expert help in
& j writing software quality specificetions. Mission specific inputs for
;“ command and ccntrol, intelligence etc will be provided by a Missicn Area
e Cencraticn Capability.
xS
:ﬁ} The Scftware Quality Laboratory Definition, Softvare Quality and
Ao Procductivity Laboratory, and the Software Engineering Evaluation Facility
o zre ell dirzcred &t improving softhvare maintenance benchmarking, metfrics
;" for Softwars zna System reguirements and  design phases. messurement
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extensions for Al based systems, and facilitfies for =assessina real world
software system quality. Quantitative and qualitative assessment
techniques will be applied to data collection efforts &end the results
made widely available throuch the Data and Analysis Center for Software
(DACS). These objectives have been establ ished in response fo a lack of
capability To obtain software systems of high qual ity on Time and within
budget. Software quality znalysis durina full scale develcpment requires
automated  technology for determining compliance with software
requirements, providing feedback to the developer on product status, and
verification of operaticnal software characteristics.

SYSTEN TECHNOLOGY/DISTRIBUTED SYSTEHMS

The overel! objective of this area is to develcp and demonsirate
mul tiple host distributed configuraticn of heterogeneocus computing
resources interconnected in such & way that they provide single

processing entity. The computers are physically interconnected by means
of computer cf different bandwidth, topolcqy and geographic distribution.
The distributed system software which operates across the configuraticn
provides a level of inferoperability which supports locaticn transparent
zccess tc beth cata znd processes. A user has immediate access To data
independent of the location of the data or his lccation for access. The
system supports distributed execution of proarams across the
configuration &nd migrates programs and data to support load leveling and
survivability. One application model would have command centers
impler:nted by local clusters of such distributed processing resources,
and the individuel centers interconnected over an internet communications
system fo support a multi level hierarchal command structure. The system
would exhibit increased levels of survivability by being able +o
dynamicaily reconfigure around lost nodes or elements and in this way
assure that critical mission functions continue to be supportzd. All cf
this work is contained in the Project Forecast I, PT-41, Distributed
Processing. The objectives of this technology area are:

Mithin the distributed systurns area, the efforts z2ddress the
development of DOS fault tolerance, and the methodologies to desian and
avaluate prototypes. The decentralized DOS =ffort will develop a
prototype which exhibits decentral ized management of resource allccation,
thus eliminating tThe sincle point of failure. This is critical +to
achieving dynamic reconfiguration. In addition it will cperate in real
time (i.e. time deadlines for the execution of processes will be one of
the scheduling parameters). This is the only effort of its type within
the DOD and has *remendous potential for zpp!icaticns in C2, SDI, ADI,
and Avionics. The CRONUS COS is prototype develcpment which integrates

multiple heterogeneous hosts into a DCS that exhibits internet
interoperebil ity, location fTransparent access fo data and processes, and
extensibility both of host Type and rescurce set. I+ has  been
intercennected via satellitz to other locations and will be used for an

SOl technolcay experimsnt. The fault tolerant efforts are concentrating
on develcpment of generic mechanisms and zlgorithms +het can be

inccrporated into o veriety of implementations. All cf +the prototypes
re being  integreted into the Systems Evelueticn Environment for
51
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9;& 2valuation. One cf the extremely difficult problems associated with the
3;ﬁ 2valuation is instrumentation and data collection, due to the cocmplex
iy interrelationships that exist amona the elements of the system. The
?s Instrumentation cfforts will develop both the methodoloaies and the
- mechanisms for probing and data coilection for distributed systems. The
*?~ technoloqy in certain areas is reaching the level of maturing that
L operational configurations will soon be undertaken. The +tools effort
" N will develop the tools and methodologies for the design, implementation
ﬁg 2nd debugging of distributed systems.
TQ} In the database area the emphasis is on the development of data
;j_g architectures for a number of critical areas. The tremendous activity in
A the Al and Knowledge Based areaz have highlighted several deficiencies in
:}#2 the ability of current database paradigms to meet these needs. EfforTs
ﬁbg are underway to develop the necessary extensions to  database
{ architectures to accommodate +these needs. New requirements (ea. SDI)
P and new technologies (eq.special hardwarc architectures) have identified
o new demands for handling very large databases. Efforts are addressina
AN, nct only the size issues but the corresponding issues associated with
5 fault +tolerance, consistency and real +Yime access. The Distributed
o4 Databese efforts extend all of the datazbase issues and paradiams to the
P multi  host anvircoment. Capabil ity is being deveicped to suppcrt both
...K repl icated and pertitioned data structures, in both & hamogeneous and
J\a heterogeneous host environment.
Y
:if RADC has established three objectives which address the technoiocy
} ': deficiencies in Computer Security. The first objective is to dzvelop and
,Jl demonstrate +the tcols and technology necessary to realize trusted
e computer systems, with emphasis on security Policy Modeling, Multilevel
ﬁgﬁ Secure Cata Base [lanagement Systems, Secure Distributed Systems/Metworks,
$2’ and Secure System Design tools. The second objective is fo conduct
gubr techrology demecnstrations for selected AF users and SDIO and transition
ug the technology to the appropriate SPOs., Finally, to emphesize the use of
ﬁ'f formal wverificetion +to oprovide assurance that the security mechanism
.,’ satisfies the security police, focusing on Ada verification, and tools
:ﬁ for wverification. These thrusts are currently funded only by NSA and
,$5§ SDIO. The Computer Security.proaram has application to AFSC and could
r%: benefi+ from future AFSC funding support. RADC has a working/funding
;ﬁ relationship with three agencies: NCSC, SDIG, and ESD, The support
RO provided to the MNational Computer Security Center is in the areas of
... Multilevel Data Base Management Systems, Secure Distributed Operating
f {j Systems, Verification Technology, and modelina fools for secure system
N design. The SDIO is supported by the work done in Secure Data Rase
.j}j Management Systems, Secure Distributed Testbed tools/methods supportina
&d secure system desicn, Ada verification, and secure mechanisms. The ESD
:L‘ program consists of establishing aids to the evaluation of secure
g.' computer systams.
y&; The cbjective cf +the parallel computing task is *to: eval uate
'bﬁ candidate 2!Y/C3  orocessina architecrures and alacrithns based on
gq? cerformance: fault “Tolerance and c<ecurity reauirements, and develop
"' softeare develeprenrt tcols fcor comolex sarallel processino systons,
o
o
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féﬂ "hile this task is funded solely by SDIO znd addresses 2i%/C3 technolcay:
Stﬁf The work is directly applicable to AFSC processing requiremenTts and would
ﬁ : benefit from future AF funding. The objectives of this Technology =crea
S will De +to integrate optical devices, materials, archifeciures and
- . algorithms with existing electronic computing fechnologies  and
ﬁﬂp data/knowledge based systems; develop a general purpcse electro-optical
:: computer which exhibits increased performance (over functicnally similar
& ‘ conventionzl machines) while executing an equivalent instruction set.
Wt
- ARTIFICIAL INTELL IGENCE
]
$$$ Artificial Intelligence Technology is concerned with the development of
ﬁﬂﬂ edvanced computer software modeled after human information processing and
ﬁﬂ& capable of providing vast improvements in militery decisicn processes and
'5): problem-solving tasks of all kinds. The deciding factor in any future
i““ military conflict could be The ability to exercise sound and timely
- expert judgment in the develcpment, employment, and modification of
"x: military strategies and tactics. Future Air Force C31 systems, in

3 particular, must have buitt~in intelligence in order to manage analysis
Py and decision processas currently overwhelmed by informetion sources and
57 an increasing complexity of required response opTicns. Develcpment of
P The technology 7o meet the critical shortfezll areas identified in the Air
‘2. Force Al Investment plan is needed before broad Al exploifaticn in
! large-scale, real +Time Air Force C31 and cockpit applications can be
a0y real ized.
N
:5, Although state-of-the-art Artificial Infelligence  technology is
ek sufficiently mature for many near-term appiications and new generation
e systems currently under development will significantly exfend the
,q applicability of Al, +there are still critical tfechnology shortfalls,
f.ﬁ_ identified in The Air Force Al Investment Plan, and required in almost
m& every mission area in which the Air Force is attempting to apply Al.

\
ﬁd& The Air Force Artificial Inteiligence program is attempting to achieve
‘r; the most orderiy, efficient and effective development and tfransition of
W Al technolcgy into +The Air Force inventory for use in complex, robust
: } weapons, support and training systems. The RADC program is focused on
ﬁs : the development of Al capabilities for advanced Air Force C3| information
:¢:~ processing and decision aiding appl icaticns.
1.4%
'?‘, The Artificial intelligence technology area objectives eare:

-
$ : a. Al TECHMNOLOGY - Develop and demonstrate components Technologies
: > in advenced reascning, large-scale systems and intelligent man-machine
*’; interacticn supporting The next generation of knowledge-based systems for
L appl ication across the spectrum of C3! domains., Technology develcpment
,:‘ include mul Ti—-source. real-time. concurrent and Time-oriented

) problem-solving; reasoning unde~ conditions of uncerTtainty; qualitative

-~

reasoning; knowliedoe acquisition end management machine learning for o
and performance evaluation techniques for Al systems and natural |anguace
technolcgy for adaptable man-nachine interfacas.
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oy b. KNOWLEDGE-EASED DEVELOPMENT TOOLS =~ Develop end demonstrate

nowledge engineering suppor ools and environmen or use in the

’.:: know | ed ineer i +  tool d ironment f in th
r development of | arge scale nmilitary appificeticns. Technol ogy
oo develcpments incl ude software architectures for integraticn of
3 know|ledge-based systems with conventional software; enhancements “o
W knowledge engineering environments required for C31 applications;
?h% skeletal software shells for addressing generic classes of military
ﬁﬁa appl ications. i.e., mission planning.

(X

DY)

-hﬁ, c. KMOULEDGED-BASED SOFTVARE-ASS{STANT - Develcp and demonstrate
l_) the use of Al technolcgy in the develcpment and maintenance of large,
N, complex, software and intensive, weapon and support systems. Efforts
5’: include each phase of the life cycle as well as +he overall framework
1 necessary “To coordinate +the development process and capture "corporate
h ; memory" during the develcpment process. Capabilities developed are aimed
oy at demonstrating increased programmed productivity, improving management
L assessment and control of software development schedules and cost and
ssﬁ increase in system software quality and reliability.

OM

LU

o) d.  KNOJLEDGE-SASED SITWLATICH =~ Enhance knowledge-based system
:kﬁﬁ technolcgy 7o support the develcpment, mainfenance and rapid medificaticn
DON of interactive, medium to |arge scele, intelligent, cbject-criented
L simulation. This fechnclegy wili be demonstrated +through +the design,
o implementaticn, and evolution of an environment for the construction and
o utilization of such simulé&ticns.

o
{ POINT OF CONTACT
k)

iqii Mr. Dennis Mawoj

S RADC/XPX

s Griffiss AFB NY 13441-5700
-; (315) 330-3046
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;%P TPO-5, TITLE: SPECIAL PRQJECTS

W

o]

b . Lo
A As the name implies, the projects reported in this TPO are special in
" nature in that logic does notT permit their inclusion in the other TrPOs,
o The projects reporied are every bit as .important to the Air Fcrce as any

other but are of a general test and evaluation or support nature.

TR

SYSTE!'S/EQUIPMENT EVALUATION provides for highly instrumented, unique and
cost-effective facilities for systems/equipment evaluation. These
facilities, which include the Electromagnetic Compatibil ity test annexes,

t

O provide for test and evaluation in support of the improvement of weapon

Q‘ system performance and for +the reduction of tfest, evaluation and

& modificaticn costs.

L)

$_ The HAVE HNOTE subthrust is the Air Force continuation of the DOD

( Special Electromagnetic Interference Program and provides the Air Fcrce

. with the capabil ity to determine the electromaanetic

) susceptibility/vulnerability (EMS/VY) of air-launched weapon systems to

[ ensure deployment without mission failure from system dearadation caused
" by radiated efecTtromaanetic enerqgy. I+ prcvides the Air Force with an

il
X

imprecved fest and evaluation (TGE) capability to perform GMS/V

assessments on selected weapor systems by integrating an envircnmental

:«5 threat analysis, high pewer radiaticn measurements, and analysis of
) special electromagnetic interference, utilizino Telemetry,
:;l instrumentation and computer simulation.

¢

13 Ultimately it will provide the Air Fcrce with improved EMR methodol oay,
i analytical tools and modeling ftechniques *fo insure that the  latest
zpk lessons learned during HAVE MOTE and other eppropriate EMR related TCE
:*& are transitioned to weapon systems.
‘)'i

The C3 and Protective Systems subthrust provides for hiahly
instrumented anfenna evealuation facilities capable of providina extremely
accurate cost effective fine arain date for use in the desicn end
develcpment of C3 and electronic warfare antenna systems.

.'-‘.'L) “’:'::’

RADC's hiohly instrumented zntenna facilities include dynamic measurement

j

ol
=i capabilities on the Precision Antenna i‘easurement System (PANS) located
>, at the Vercna test Annex and static measurement capabilities at the
@ Newpcert and Stockbridge Test Facilities.

o

L)
j&‘ The PANS Facility accommodates all aircrcft fypes since dynamic antenna
¥

measurements are performed throuah flight testinc. The F-4C, D, and E:

o

f EF-111A; A-10; F-15; and F-16 airframes are currently available at
A Hewport for =zntenna evaluaticn procrems. In addifion., C3 antennac and
@ aircreft sections ere eccommnedated. A B-52G zirframc is mounted ot The
B~ Stockbridce Facility anc a KC-135 airframe is ealso ~vailable for
: '\ measurements.,

o

:t. The Technicues and Svsvems Evaluation subthrust prevides for
B »oertiss fcor develcpmenTt and inplementation of facilitiae, Technigques,
@

S

%

lz: 55

g

W&

s

-

@

4

AP '

» P ;W A a -\.N -.\ : - ;L Mg o .
DO \ ¢ ! N ORI A N OO, X ORIV
Pt A .A‘:’: DA MRS S RO, 'c.':vo,-'og';e"t‘._"l..‘,l..“?ih!::".!..‘!l:‘. K !‘:‘!’ﬁ.'&.‘!'.-‘.h .,0;‘!:'1"0:.!9:‘ R

il
1_.“0“.!

%,

LA AT A -
G ety et e

L N O SO PO o MU Rl S0 PR ]




&5

UGS

aha

instrumentaticn and procedures for test and evaluation throuah &ll phases
of system definition, development, acquicition end deployment.

RADC possesses specific test expertise and highly instrumented off-base
test facilities to support AFSC directed Center menaced programs. These
capabilities are integrated into matrix management of Center proorams
which require test and evaluation.

POINT QF CONTACT

v

Wt ¥ st ab bt
DUGUK WX N OUOOOGHNG

. Robert Falk

RADC/XPX

Griffiss AFB NY 13441-5700
(315) 330-3021
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FACILITIES

"-=-=53 -

P - summary : Over the years, RADC has acquired a number cf unique research
; and development facilities. These facilities, located on Griffiss and
A Hanscom Air Force Base and throughout Mew York State and lMassachusetts
) represent a significant investment. As new prcerams and technologies
N emerge, they are updated, replaced, and expanded. The major existing
\ facilities are discussed below.

GAFB: ON-BASE FACILITIES:

Cartographic Research Faci{ity - This facili*y has been created to
determine +the effects and interplay of new prctotype equipment introduced
{ info the autometic cartographic process. This facility. in facT,
\ simulated a major portion of +the cartographic functions, permitfting
realistic evaluation and improvement +through advanced autcmation,
equipments and Techniques.

RADC Surveillance Laboratory (RADSL)

X The primary objective of +the RARSL is to orovide & multi-domeair
i proarammable adaptive surveillance radar environment +to experimentally
and analytically evaluate how the performence of radar systems and
Y prccessing concepts vary as a function of paramefric variation of
D frequency, polarization, waveform, signai bandwidth, efc. The RADSL
presently contains two fransmitter-antenna- receiver systems covering the
L and S freauency bands 1200 to 3700 fHz. The L-Band is a surveillance
system and the S-Band is a dual Polerized Tracking system. An additional
system, a Phased Array, operating at C-Band (frequency range frem 5.5 to
5.9 GHz) will be installed in early 86. The simulation, analytical and
data processing capabilities presently consist of two VAX-11/780 PUs
with 4.5 megabyTe memory, and a Hewliett Packard 1000 series mini-computer
which contrcls the procrammable radar hardwara and scftware.

oY,

o=

1 RADC High Power Laberatory - This facility, a nationai one-of-z-kind
R facility, provides for +the desian, fabrication and evaluation of
extremely hiah power switching devices; pulsers and entire RF
[ transmitters for application to radar and other +technoloaies. A

transmit/receive module evaluation facility incorporates the Ilatest
. state-of-the-art fcr measurement of module parzmeters,

Reliability Anglysis Centar - This fecility, used in conjunction with the
F, Equipnent/System Teliability and !taintzinability procram staffed by
personnel under contrzct frecm the Iltincis Institute cf Technoloagy

Research. is +the DOC focal point for the <collection, analvsis and
dissemination cof reliaqili+y experience infcrmaticn on solid state
devices, ror-2lectronic arts and systems/equipment, Thic COD
Informaticn Anclysis Canter is funded by the Refeanse Loaistics Anency.
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Solid Stete Device Reliability Laboretory =~ This complex consists of
specialized facilities, each unique in their capability for retiebility
Testing of solid sTate devices.

The Product Evaluation Laboratory provides for +the development and
application of the chemical and structural product evaluaticn methcdology
required to assess the factors affecting the quality and reliabifity of
sol id state devices.

the Failure Analysis Facility is the focus of detailed analysis of
micrccircuits which have failed during systems acquisition or field
operation. In addition, new methods of analysis are developed to permit
accurzte essessment of the failure mechanisms affectinc emercing device
Technologies.

Facilities are also availeble for Environmental Stress Testina and
Automated Electrical Testing of a wide variety of developmental and
mature technolcgy microcircuits., Data generated in these test facilities
is used tc develop rore effective accelerated stress reliability tests,
identify device operating limits, evaluate inspection and quality
assurance procedures and provide direct cuidance 1o various military
alectronic system desianers and users.

The ticrccircuit Testabil ity Laboratory provides RADC with the czpadility
for simuleting, Testing and analyzinc the efectricat oproperties of
complex devices. In addition +to hardware testing eaguipment. software
toois are used to model device architectures and Tthereby establish
effective reliabil ity testing procedures.

Electromegnetiz ngQ;Tibilify Leboretory - This facility is equipped with

e complete line of State- of -the-Art microwave and mill imeter wave RF

instrumentation equipment and anechoic and reverberation type chambers
necessary to support both the exploratory and advanced develcpment and
suppert activities within the Compatibility and ileasurement Divisicna.
The Electromaanetic Compatibility Analysis Facility (EMCAF) provides a
simulated high power electromacnetic radiation environment 7To support
susceptibiiity/vulnerability testing and analysis of Air Force C3 and
weapon systems. The EMNCAF consists of a large anechoic chamber and two
shielded rooms which house +the high power RF sources and siganai
monitoring equipment. In FY87, 2 newly deveioped reverberation {(or mode
stirred) chamber capability was added +to the facility. The EICAF is
capable of testing weapon systems up to 2C feet |Icng over a frequency
rance of 50 MHz +to 13 GHz. All functions including RF sources,
instrumentation, and data rcduction are under computer control. The ENC
| sboretory also supports E!' effects measurement and analysis of advanced
digital (VLSI/VHSIC) and RF ({NIC/MM1C) +ype microcircuit technoloaies.

FADC DPTICAL ENGINEERING LABORATORY

1y

The DS Cptical Systems Encincerine Lab (CSELab) is an zpplied reseerch
recility which performs cdvenced electrc-cotical surveillance vechnoloay
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devel orment, znd preovides technical proaram supperY for the
Electro-Optical Surveillance Directorare and other covermment aqencies.
The lab supports investigaticon of basic Technolocy design, fabrication,
and testing of optical surveillance subsystems. The current technoloay
thrusvs include control of wide field-cf-view (UFOV) adaptive optical
surveiliance devices, optical phased arrays and advanced passive
conventional and unconventional imaginag systems including spare arrays.
Other thrusts include technology for spare cptical arrays, large optics
pol ishing and surface measurements and demonsfrations of adaptive optical
systems technology. The lab provides 2000 square feet of space divided
info functional areas &and interfaces with & VAX/780 minicomputer,
Hew | ett~-Packard 9836-6944 data acquisition microcomputer, a Masscomp
1S~-560 computer, and single board computers. IMSL, opticel desian and
optimization, coptical analysis and interferometric =enalysis, opvical
system scattering, system optical quality, eand ceneric and specialized
electrc-optical system model ing computer codes are available.

Command and Control Technoloqy Laboratory (CCTL)

RADC!s Commend and Control Technolcay Leboratory brinas Ttogether &
distributed C31 laboratory envircnment into a test and demonstration
capabi!lity wunequalled at any other Air Force facility. HMetted tocether
are specialized |aboretories in the Center’s Surveillance, Intelliaence
and Reccnnaissance, Command and Control, Communications, and Reliability
and, Compatibility Directorztes.

in the batticfield environment of today and the future, +he ability of
mijitarmy  commanders to make effective use of continually and rapidly
changing information is z critical requirement. At RADC, research s
underway to develop artificial intelligence and decision aid techniques
to facilitate the information sorting and data manipulation procedures
supporting +he commander's decision process. This technology is also
being integrated into and transiticned through the Command and Contrcl
Technology Laboratory in support of strategic, tactical and space battle
information management.

The Commend and Control Tachrncloay Laboratory is & showcase of hiah-speed
computer herdweare, inctuding several main-frame  processors,
high-resolution color arephics, and |arge-screen displays.

Symbol ic processors are used o incorporate artificial intellicence into
the demonstration/test and evaluation process. Decision aids implemented
on verious personal computers are also key inaredients to the process.

Research at RADC will focus cn demenstretine fechnology tools in  the,
Cemmand and Confrol Technecioay Laboratory, with the intent cf rapidiy

transiticnina these ccpabilities to potential users for development of.

and deployment in, operational systems. Vital tc¢ the overall technclogy

devel opment and trensition process is effective interacticn between tThe
user and the ceveloper in foccusina fechnology directly on cperationzl

reauirenents. The coci &nd ultimate verth of the CCTL is predicated on
This eccempl ishmenT,
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LORILE COMMAND AND COMTROL TECHNOLOGY LABORATORY:

A mobile extension to the facility, the lobile Command and Control
Technology Laboratory, is equipped with militarized computers, colcr
graphic displays and support equipment, Deplcyed with this mobile unit
is a satellite communications terminal 1o provide the communications with
the Command and Control Technology Laboratory.

The tobile Command and Control Technology Laboratory can provide an
interactive link To operational forces around the globe. The operational
user can obtain first-hand experience in state-of-the-art (3|
develcpments available throuch the |aboretory environment. This mobile

capabil ity significantly enhances the opportunity for user involvement in
the research and develcpment process.
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R GAFR: OFF-BASE FACILITIES:
ey
N Forestport Research Site - This facility contains the VLF Experimental
§§ Site which 1is 3 unique facility for pursuing survivable communications
h'ﬁ techniques of vital importance to MEECH.
h
52 { Mewpor{ Research Siie ~ This facility is a truly one~of-a-kind facility
At which provides for versatile and accurate measurement of free space
:*X antenna characteristics. The facility is a combinaticn of several ranges
) in a relatively quiet radio frequency (RF) environment and in &n isolated
:ﬂ:? area away from traveled roads and industrial complexes. RADC has full
P sized shells of an F-4, F-111, A-10, F~16, F-15, 3-52 znd B~1 sections
’Q available for mounting on 3-axis positioners with their associated
0.8 antenna systems. A fully qualified evaluation facility at 500 'Hz and
' beicw for communications countermeasures, satellite communications,
~,{} communications ECCM and UHF location systems is also available.
S
"l Stoclkbridae Reseerch Site -~ This facility provides the environment for
‘at evaluation of antenna systems installed on large airfremes. A full size
b B-52 airframe is rmounted on & sinale axis positioner with verfticel
® measurement capabilities being obtained by positioning vertically an
N eievator with receivers on a tower located 2007 away. Elevation coverage
&ﬂﬁ up to 90 =and multiple interrogator capability for evaluation of
‘:f{ electrenically steerable and phased arrey antenna systems are inherent
i::? capabilities of the range. KC-135 C-130 Air Frezmes are =also available
2 . for antenna measurements.
o The Mortheast Test Area (NETA) is also located at Stockbridge and
% . provides a capability to evaluate Reconnaissance, Seekers. etfc. in a
. Mortheast environment. Tactical and Strategic, both Dynamic and Static q
i targets ere provided on the range. A B-1 airframe will be added in
g FY83/89.
D
«j Vercna Research Site - This is a hichly instrumented facility which
W supports engineering eveluation of C3 technigues, eauipment and systems
S5 in the areas of ECCQ. radar, communications, millimeter wave research.
'wﬁy optical surveilleéance, el ectromagnetic vulnerabiiity and airborne
e antennas. liajor capabilities include search, height finder, and +trackina
L J radar systems; an advanced optical Tftacility; a precision antenna
b@ measurement facility; an experimental ironoscatter facility, and a data
t}: reduction center,
‘\Iul
f}j: Ave Research Site -~ This facility houses a wunique., high power H
S transmitting facility capable of ‘ransmitting up to 300 K (600 K!! peak)
_ through fixed Rhombic =niennas. and up to 20 KY (40 K peak) through both
:Q fixed «nd rotatable cntennas in the 4 - 30 Mz band with & variety of
.ﬁﬁ radar vavefcrms. A companion wideband/narrowband receiver system is
;ﬂ.u ' currantly  installed &T the Verona TesT Annex. |+ _operates with bdoTh an
3 2 in-house faobriceted 12 ¢lement Ecovarage antenna anc rotataedle lcac
O pariccic zntenna. The Ava/Yerona HF complex supperTs & wide varieTy of
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N HF radar surveillance and communications Testing as well as ionospheric
propagation research.

HAFB: OQN-BASE FACILITIES:
Materials Synthesis and Development Facility - This facility contains the

mosT up-to-date equipment, and auxiliary apparatus in the Air Force for
the preparation of electromagnetic materials. These include conventional
Bridaman, Czochralski. and other well-known techniques, s well &s new
methods being developed, such as skulling, automated Czcchralski, hot

ol

e Yo N S

- j;i&f

iﬁvﬁ forging, CVD, Hydro-Thermal, etc. These equipments, which operate over
O extensive temperature and pressure ranges, are sited in three specieal
: g: buildings designed with gas |leak detectors, blcw-out walls, and other
.xL: safety features. This facility, lccated at Hanscom AFB A is devoted to
( the synthesis and growth of new and/or improved electromagnetic materials
X for C3 applications and directly supports +he device activities of the
Eﬁ} Directorate,
N
;ﬂ%ﬂ Radigtion Effects Facility - This facility is a modern, fully eauipped
~f£ |gboratory containing major irradiation sources used for the test and
o evaluation cf electronic materials and new prototype devices. This
facility consists of & collection of powerful &and sophisticated
o instruments fcr irradiating materials and devices for the purpose of
o evaluating the effects of radiation on these devices and their =hility to
[+ ¢, perform to satisfactory nmilitary standards during and after such
Y irradiation.

The facility inciudes a 23 fIEV linear accelerator, a 40 kilocurie camma
ray source, a flash X-ray machine, a 3 HEV Van de Graaff accelerator. a 2
MV high current dynemition accelerator and other miscellaneous sources.
A The facility is unique within the Air Force and is involved in &2 wide
variety of studies for systems offices within the Air Force (ARBES, /X,

SATIM 1V, MEECN, etc.).
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lpswich Electromagnetic lleasurement Facility ~ This facility 1is located

L

‘§t approximately forty miles northeast of Hanscom AFE and consists of 65
‘}' acres and three buildings.

;:&. lts missicn is +threefold: first, *to invesTigate electromagnetic
"bﬁ techniques that promise +o yield novel zntennas and antenna scanning
| qﬁ systems of potential value to Air Force communicaticns and radar systems;
%“f. second, to experimentally investigate the radar reflectinag properties of
i mode!| vehicles and aircraft in order to evaluate their electromegnetic
,,. signatures for iaentificetion purposes and ‘o experimentally evaluate
w:;: clutter properties; and Third. to oproviae field Test/support for
i:i evaluating new electromagneTic sensor concepTs.

e Tha site confzins «n =xczltient helf-mile ranoe for The measurcment cf
L nicrovayse antenne patterns., The facitity includes zn  cnechoic  chamber

iTh 3 sround  screen  for precise  inpedanc:  cng  ontenna  couplinag
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o neasurements and for investigations of radar reflectivity and sicnatures
Wil of scaled vehicles. The Ipswich Site is excellent for field measurements
{% 2s it provides & wide range of see and land clutter envircnments. The
K fecility has low sidelcbe antenna evaluation capabil ity.
{
O Prospect Hill !Millimeter ‘ave Facjlity - This facility, a sophisticated
‘}f Trcpospheric propagation facility, is located approximately five miles
W south of Hanscom AFB MA. [t supports the R&D prooram on the Iimitations
» imposed by the troposphere on Air Force systems operating at microwave
\ and millimeter wavelenaths. The effects of the dfroposphere on
' A propagation are studied so fthat the performance cof millimeter wave
!ﬂf earth~to-space wideband data |inks and ferminal quidance systems can be
i addressed. Prospect Hill is one of the faw facilities in The world with
f\. & capebility to conduct accurate refractive bending, troposcatter and
J; millimeter wave attenuation and emissicn measurements at elevation cngles
lr\ cown to the hcrizon.
§‘ Remote Sjte:
g Air Force aui Optical Station
l~ )]
:é; The Air Force iiaui Optical Station (AMOS. is an Air Fcrce Systems Command

resource managed by RADC and provides measurement support to various
covermmenT agencies and To fthe scientific community. The A0S complex
includes the l'aui Cptical Tracking end Identificaticon Facility <(MOTIF)
end +he Ground Bacsed Electrc-Optical Deep Space Surveillance System
(GECDSS) which are sensors of the [fSAF SPACETRACK network. AMOS  and
MOTIF share resources and are parTt of a state-of-the-art electro-ontical
fecility which combines large “Yracking optics with visible and
Leng-wavelerath  Infrared (LWIR) sensors to collect date on sub-orbital,

A

-“‘
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- near earth and deep space objects. Equipment at AMOS/I'OTIF includes 1.2
'i: m telescopes; a 1.6 m telescope; a 0.6 m |aser beam director; two 56 cm
e acquisition telescopes; infrared sensors; a ruby laser; conventicnal and
el contrast mode photometers; compensated and uncompensated imaginc systems;
) IR imaginqg camera; Low Light Level TV (LLLTV) systems; video,
o aglphanumeric, ond araphic display equipment; and data processing systems.
|-;' A0S unique measurement capabilities and geographical location makes it
A an excellent site for observina out-orbifal vehicles and rocket
'3 experiments |aunched from Vandenberg Air Force Base (VAFB),
2N
The foliowinag other existina facilities complement the major RACC
[ facitities:
y A0S nes been instrumental in several successful Stratecic Cefense
IniTietive demcnstrarion experiments. The complex continues to expand
" its s2nsor suite and support to DOD zaencies.
.[
.
‘:_ SAFR
oy
.- Focornaissance  Ixoloitation  Facilitvy,  Experimental PhovonramreTric
3 Facititv. ZIGI.T SuvporT Fucility, Advanced Sensor Explcitation Facility.
.4
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:\j\ Speech Processina Leboratory, Advanced Optical Test Facility, Integrated
::f: RF Communications Laboratory, Command and Control Guidance Test Facility,
:;ﬁ: Digital Communications Switchina and Sysfem Control Facilitv, Adaptive
(GRS Array Laboratory, Satellite Communications Experimental Facility, Digital
{ ) Microwave LOS Trensmission Range, Experimental Tropo Scatter Range, Ré&D
‘Wl Computer Facility.

A0y

l,'

) HAFB

["§ Radiation Hardened LS!/Microprocessor Characterization Fecility,
"y Experimental Device Fabrication Facility, Electro-Optical Facility,
i Materials and Devices Cheracterization and Evaluation Facility,
Jqﬁ@ Frequency-Time Test Facility, Microwave Acoustics and lagnetics
‘i Fabrication Facility, Antenna Test Range, Speech Research Facility,
s COMSEC RDT and E Facility.
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TABLE 1

RADC TECHNOLOGY PLANNING CBJECTIVES (TPO)

cortoM C3

1. WORLD iICE CO!MMUMICATIONS

2. COMMNICATION SEQURITY

STRATEGIC C3

1. STRATEGIC COIMUMICATIONS

2. SURVIVABLE C3

TACTICAL C3

1. TACTICAL COMHUNICATIONS

2. SURVEILLANCE

A.

B.

5‘)

D.

3. CO

A.

8.

~

e

ADVANCED TACTICAL SURVEILLANCE RADAR
ADVANCED AIRBORNE SURVEILLAMCE RADAR
SEMNSOR FUSION

SYSTE!! SUPPORT

TAMD AHD CONTROL

TACTICAL EM

DISTRIBUTED C2

4, INTELLIGENCE

A.

]
-

O

SIGINT EXPLGITATICH

COICAT SENSCR TANAGENENT & CCRRELATICH
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\ TPO 2 RECCE/INTEL
a4
0ot A. SURVEILLANCE oc
K
i
" 3, CORRELATION/FUSION
4
o 1. DATA HANDL ING IR
:‘n/:
g *
R B. ANALYSIS & CORRELATIOM IR
°

w C. DOD Iay IR
o . »

2 D. IDHS IR
= 2. IMAGERY EXPLOITATION IR
I .

L 3. PRECISION GUIDANCE & STRIKE PRODUCTS IR
g

ol TPO 3 STRATEGIC SYSTEMNS

~
A. ATHOSPHERIC SURVEILLANCE & !/ARNING
™ 1. SPACE BASED RADAR ocC
bA Y, .
o 2. LOY OBSERVABLE oc
i SURVE ILLANCE

o 5. INTEL/SPECIAL RADARS oc
R

:\,
- 8. SPACE SURVEILLANCE & WARMING

W

e 1. ELECTRO-OPTICAL SURVEILLANCE oc
e 2. DUCTED IQNOSPHERIC PROPAGATICH EE
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1. SATKA
2. DEY

3. BH/C3

ADI
1. SURVEILLANCE

2. BIM/C3

TPO 4 TECHNOLOGY - C3/COMPUTATIOMAL SCIEMCES

SURVEILLANCE
1. SIGNAL PROCESSING

2,

COrMUNITCATIONS
1. ADAPTIVE SIGNAL PROCESS ING

2. NETWORKING TECHNOLOGY

ELECTRO!AGNETICS
1. ANTEMNAS

2. COMPOHEMTS
3, SCATTERING

4, PROPAGATION

SOLID STATE SCIEMNCES

1. SIGHAL PROCESSING DEVICES
Z. GELECTRO-OPTICAL DEVICES

5. ELECTRO-I'AGHETIC UATERIALS

4, DEVICE DADIATION HARDENING

B DU AN Wy o A t
f" Q" 4 'A,-‘l‘ . i ‘l’ l's ‘l;!. G'p‘lﬂ'\’ " “ (Y ‘l 'l. t‘:}‘g..‘ O’.!Oto g ‘!‘g l. .‘

SIGNAL GENERATION & CONTRCL

.01010' pl\!\ !‘ 4
et AR Y »‘u“‘o'

oC

oC

co

oC

co

eC

ocC

DC

bC

EE
EE
EE
EE

l' gPp



W0

e
i

27

G
-

o

5 P Y -

e

v ;! .O '.
O LA
(]

" ‘{ x ‘-‘V"‘ o
e N e oo I

-

x5

-ﬂ:rﬁ:;,rhfi-‘ :
S el el e
3

}

Lt LX)

f:‘

L J '?

. e 0
9‘; L I o By Ay
d LRSS A

LEF
TPy

\ TPO 5

[ )2

. , o

OO RO O L TR 2O OO0
AT, N [} 47
Lt R

E.

-
-n

55
T
T

INTELL IGEMCE

1. VW IDEBAND RECORDIMG

2. SPEECH PROCESSING

3. KNOWLEDGE BASED INTEL SYSTEMS

4, CI| DATA BASE TECHNIQUES

RELIABILITY/MAINTAINABILITY AND COMPATIBILITY

1. SOL!D STATE DEVICES

N

SYSTEMS/EQUIPHENT

COMI'AND AND CONTROL
1. ADV C2Z ENVIROMMENT

2, C2 TECGHNCLOGY LAB

PHOTON I CS

1. OPTICAL PROCESSING

2. MATERIALS & DEVICES

3. OPTICAL METYORKS

4, OPTICAL COMPUTIMNG

5. PHOTCMICS |HN-HOUSE PROGRAM
COMPUTATIOMAL SCIENCES

t. SOFTVARE ENGINEERING TECHMOLOGY

2. SYSTE(S TECHNOLOGY/DISTRIBUTED SYSTE!'S

3. ARTIFICIAL INTELL/KNOHLEDGE-BASED SYSTENS

SPECIAL PROJECTS

.‘.:
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& Rome Air Development Center
N
C
N RADC plans and executes research, development, test and selected
- acquisition programs in support of Command, Control, Communications
L and Intelligence ( c’r ) activities. Technical and engineening support within
areas of competence is provided to ESD Program Offices (POs) and other
P ESD elements to perform effective acquisition of cr systems. The areas
‘ of technical competence include communications, command and control,
-~ battle management, information processing, surveillance sensors,
L e . . . .
- intelligence data collection and handling, solid state sciences,
Sy electromagnetics, and propagation, and electronic, maintainability, and
- L compatibility.
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